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TRANSEN TFORS ERERANTE 


THE rapid advance of Spectrum Analysis as a 
method of scientific inquiry has rendered the pub- 
lication of new works on the subject a frequent 
necessity. 

This was so evident to the late Dr. Schellen, 
that when a third edition of his valuable book was 
called for, he set himself the task of reconstructing 
the whole work, as in no other way could the mass 
of new material he had accumulated be fittingly 
introduced. While thus engaged he was attacked 
by the lingering illness to which unhappily he has 
recently succumbed, and which obliged him, for 
the satisfactory completion of his labours, to seek 
a coadjutor in his esteemed friend Dr. H. J. Klein. 

In preparing the work for English readers the 
translators have been favoured by the valuable 
counsel of the Editor, Captain Abney, by whom 
the whole has been revised and somewhat re- 


modelled. The additional new matter introduced 


ee 


vi TRANSZLATORS” PREFACE. 


by the Editor to bring up the work as near to 
date as possible is distinguished throughout by 
its insertion within brackets. The Editorial Notes 
by Dr. Huggins to the former English Edition 
now form part of the text into which they have 
been incorporated by Dr. Schellen. 

By the excision of all unnecessary or obsolete 
portions, the Editor has been able so far to com- 
press the original work as to bring it within the 


limits of one volume. 


JANE Anp CAROLINE LASSELL. 


Ray LODGE, MAIDENHEAD, 
May, 1885. 
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 Licut, whether emitted from the heavenly bodies or 
from any artificial source, presents no difference to the 
'unassisted eye beyond a variation in colour and brilliancy. 
But when subjected to the action of a prism, by which it 
is separated into its component colours in the formation 
ofa spectrum, great differences become apparent, and these 
differences depend so entirely upon the source of light as 
‘to afford a sure index of its nature. The aspect of a 
_ spectrum is so fully characteristic that to every substance 
when rendered luminous, either in a state of incandescence 
or as luminous gas or vapour, there corresponds at a given 
temperature a special and peculiar spectrum. 

It follows, therefore, that when the spectra of different 
substances have been determined and recorded, it is easy 
to recognise, from the form of the spectrum which a body 
of unknown constitution presents, the individual substances 
of which such a body is composed. 

This statement presents in general terms the nature of 
spectrum analysis. It analyses bodies into their constituent 
parts, not as the chemist does with alembics and retorts, 
with re-agents and precipitates, but by means of the spectra 
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which these substances give when in a state of intense 
luminosity. 

Spectrum analysis in no way supplants chemical analysis, 
for its function is neither to decompose nor to combine 
bodies, but rather to reconnoitre an unknown territory, and 
to signalize the presence of any substance brought beneath its 
scrutiny. 

The delicacy of this method of investigation is such that 
when every other means of research is exhausted, one look 
in the spectroscope is often sufficient to reveal the pre- 
sence of a substancee. As an instance may be quoted 
sodium, the chief constituent of common salt. By the use 
of delicate scales, and the application of special skill, the 
chemist may be able to discover and determine the weight 
of the millionth part of a kilogram of this substance, yet if 
that small particle be subdivided into three million parts, 
this minute quantity may still be unhesitatingly detected by 
the spectroscope. The striking together of the pages of a 
dusty book is even sufficient to produce a flash of yellow 
light—the unfailing sign of the presence of sodium—in a 
spectroscope placed at some distance. 

It was to be expected that so sensitive a means of investi- 
gation, from which no known substance can escape, would 
lead to the discovery of new elements which had remained 
unknown, either from being sparsely diffused in nature or 
from being closely allied in character to some other substance. 

This expectation was realized by the labours of Bunsen 
and Kirchhofl, to whom we are indebted, if not for the 
discovery of spectrum analysis, yet for the invention of the 
spectroscope and its application to practical science. By 
the use of their new apparatus they discovered the metals 
czesium and rubidium, to which two others were soon after 
added, viz., thallium by Crookes, and indium by the joint 
labours of Reich and Richter. 
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To these new elements was added, in 1875, a fifth, gallium, 
which is related to zincand cadmium, and was detected in the 
zincblend of Pierresitte, by Lecocq de Boisbaudran. Since 
then various so-called new metals have been discovered, but 
as they all belong to one group, and differ little one from the 
other, it is possible they are but modifications or alloys of 
metals already known. 

Wonderful as have been the achievements of the spectro- 
scope in the regions of physics and chemistry, they have 
been even more remarkable in the domain of astronomy. 
Until within a few years the telescope was the only instru- 
ment by which astronomical investigations could be carried 
on, and with regard to the fixed stars and nebuls, it was 
powerless to do more than give information as to form, 
size, and colour. But since the application of spectrum 
analysis to astronomy the sphere of astronomical research 
has been vastly enlarged. By means of the prism the light 
of the various heavenly bodies may be decomposed and 
examined, and by a comparison of their spectra with the 
spectra of terrestrial substances, evidence may be obtained 
as to the existence of any of the terrestrial elements in the 
remote neavenly bodies. 

In investigations with spectrum analysis the starting- 
point is the spectrum of each individual substance, and in 
order to obtain this it is requisite that the substance should 
not only be luminous, but should emit a sufficient quantıty of 
light. Dark bodies are not as a rule available for spectrum 
analysis; if they are to be submitted to its scrutiny, they 
must first be brought into a state of vivid luminosity. 

To avoid interruption and repetitions, it will be desirable 
now, before entering upon the subject of spectrum analysis, 
to review with brevity the means afforded by chemistry 
and physics for rendering luminous all substances, gaseous 
and non-gaseous, and even the least fusible metals. 
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2. TuE Lumınous PowER OF FLAME. 


The immediate cause of the luminosity of flame has not 
yet been fully ascertained, notwithstanding the many invest!- 
gations that have been made with this object. If a glass 
receiver (Fig. I) is filled with oxygen, and a lighted piece of 
phosphorus is plunged into it from above, the phosphorus 
will burn with great energy, and give out a dazzling light. 


In the same manner most metals previously raised to a 
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Combustion ot a Steel Watch-spring in Oxygen. 


glowing heat, as, for instance, a steel watch-spring, will burn 
in pure oxygen, with the development of an intense light. 
On the other hand, if a stream of hydrogen gas is ignited 
in’ free air, it will burn with a scarcely perceptible flame. 
The flame produced by oil, petroleum, and coal gas is very 
brilliant, while that from spirits of wine is faint. A flame 
which does not contain solıd matter ina state of incandescence 


is, asa rule, but little Juminous, even when the temperature of 
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combustion is very high; therefore, at a similarly high 
temperature, glowing solid or liquid bodies emit far more 
light than gaseous substances do ; the fewer solid particles 
there are in a flame the less will be its luminosity. The 
scarcely perceptible flame of hydrogen gas will immediately 
become luminous if any solid body is heated in it to 
incandescence. 

If aspiral of platinum wire is held in such a flame, it shines 
brightly ; the glowing wire is clearly seen, and conveys the 
impression that the light is not due to the hydrogen flame, 
but to the glowing white-hot metal. It is the heat generated 
by the chemical combination of the hydrogen gas with the 
‘oxygen of the air which renders the platinum incandescent, 
and it is the glowing platinum wire, not the flame, which 
emits the intense light. 

If a grain of common salt is dropped into the dull flame, 
it flashes up brightly with a yellow light. The salt is 
dispersed into a million of the smallest particles, which, 
glowing in the flame, impart their brilliancy to it. 

The luminous power of ordinary gas—a chemical com- 
pound of hydrogen and carbon—has been attributed in a 
similar manner to the presence of finely-separated particles 
of carbon. If oxygen is added in the form of atmospheric 
air, so that the carbon is more completely consumed, the 
flame ceases to be luminous, and, on account of the rapid 
combustion caused by the oxygen, the heat of the fiame is 
‚enormously increased. 

This explanation has been called in question by the 
experiments of Frankland, which tend to show that the 
luminosity of a flame depends mainly on the density of the 
gas, and upon this density depends, as shown by St. Claire 
Deville, the Zemperature of combustion. According to the 
recent researches of Wibel it is found that a gas flame 
which has been made non-luminous by the introduction of 
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nitrogen, carbonic acid, carbonic oxide, or hydrogen, may be 
restored to brilliancy merely by an elevation of temperature. 

Whatever may be the cause of luminosity in an incandes- 
cent body, it is certain that incandescent, sold, and Jigua 
bodies possess a much greater emissive power-—that is to say, 
they emit amuch more intense light—than gases do when 
rendered luminous under ordinary pressure, and that the 
luminous power of gases augments in proportion to the 
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Bunsen’s Gas-burner. 


pressure to which they are subjected, by which their density 
is increased, and they approach more nearly the condition 
of fluids. 


3. THE Bunsen BURNER. 


One of the most essential requisites in spectrum analysis 
is the Bunsen burner, by means of which an ordinary gas 
flame may be raised to so high a temperature that it is 
capable of converting the substances to be examined into a 
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gaseous condition, causing them to emit light sufficient to 
yield a distinct spectrum. The heating power of the lamp 
is obtained by allowing air to mix with the gas before it 
enters the burner. To accomplish this the lower chamber 
s (Fig. 2) is perforated so as to permit the outer air to mix 
plentifully with the gas before it rises in the tube a a. 

If the burner is contrived, as is very desirable when 
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Bunsen’s Gas-blowpipe. 


working with the spectroscope, so that the entrance of air 
to the gas can be shut off at will, either entirely or partially 
— which is easily effected by turning round a perforated 
ring—then the same burner serves to give alternately a 
luminous or a heat flame. 

The heat of this flame may be further increased if the air 
is forcibly mixed with the gas by means of a powerful blow- 
pipe. An apparatus of this description is shown in Fig. 3, 
where the gas entering from the pipe G passes through the 
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wide tube a, which is closed at the lower end by a stop- 
cock, and turns on a pivot round the stand. In the middle 
of this tube a runs a second narrower tube 5 d, through 
which the atmospheric air is forced into the stream of gas 
through an elastic tube by means of a bellows. The gas flame 
is thus supplied with so much oxygen that an enormous 
quantity of heat is obtained. Over the escape end slides a 
tube, by means of which, in conjunction with the cocks, the 
heat of the flame can be regulated. The greater the quantity 
of gas burnt in a given space, and the greater the energy 
and the rapidity of the combustion, the greater also will be 
the amount of heat evolved. For this reason, in some large 
laboratories, atmospheric air is forced by a special air- 
pump into a strong iron receiver of the capacity of several 
quarts, where it is subjected to a pressure of one and a half 
to two atmospheres. If this compressed air is allowed to 
escape along with a copious stream of gas from a common 
tube, the flame becomes one of such intense heat, that in 
a few minutes it can melt considerable quantities of some 
of the least fusible metals. 


4. THE OxyHYDROGEN FLAME AND DRUMMOND’S LIME-LIGHT. 


In the oxyhydrogen flame we arrive at the most powerful 
source of heat to be attained by chemical means. The flame 
is formed by pure hydrogen gas mixed with as much pure oxy- 
gen as will ensure its complete combustion, viz., two volumes 
of hydrogen with one of oxygen. The heat evolved by this 
flame is sufficient to fuse substances which have resisted the 
hottest furnaces. To avoid the danger of an explosion, the 
gases should not be mixed before ignition, nor allowed to flow 
out of the same common reservoir, as in that case the flame 
would spread into the interior, and cause the ignition of the 
whole quantity. It is necessary to arrange the apparatus 
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so that the gases shall reach the emission tube from separate 
vessels, and be allowed to mix only immediately before 
escaping from the burner. 

The simplest arrangement of this kind is similar to that of 
the gas-blowpipe in Fig. 3, but with this difference, that the 
section of the two tubes should bear more nearly the relation 
of two to one. The gases are stored in two separate gas- 
bags (Fig. 4), whence they reach the lamp by means of 
pressure. The outer wide tube of the lamp must be placed 
in connection with the hydrogen reservoir, and the inner 
narrow one with that containing oxygen ; both the tubes 
should be fitted with a fine brass-wire netting, to prevent 
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Gas-bag for Oxygen or Hydrogen. 


the flame retreating into the inside of the lamp, or the gas 
extending from one tube to the other, from any cause, such 
as the diminution of pressure in the reservoirs. 

More convenient than the bags, in which the gases can only 
be kept with safety for a short time, are the wrought-iron 
eylinders, which are filled with the gases condensed to about 
twenty atmospheres. These iron bottles contain sufficient 
gas to maintain an ordinary oxyhydrogen light for from six 
to eight hours. They can be refilled with condensed gas at 
a small expense. 

A convenient form of such a lamp applicable for heating 
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purposes as well as for the production of light is made by 
fixing the burner C toa stand (Fig. 5), with its two tubes 
S and W conveying oxygen and hydrogen, the upper part of 
the tube C being inclined sideways, and attached so as to turn 
in any direction. To the stand E, to which an upward and 
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owpipe. (Drummond'’s Lime-light.) 


— 


Oxyhydrogen B 


downward motion is given by rack-work, is attached a 
carrier by which substances may be brought into the flame. 
In-igniting the lamp it is necessary as a preliminary to 
open the cock W for a few seconds, so as to allow the 
hydrogen to expel the atmospheric air remaining* in the 
elastic tube: under pressure of a weight (100 Ibs.) upon 
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the gas-bag the hydrogen burns in a long, faintly luminous 
flame. The oxygen cock S must then be carefully opened, 
—the entrance of the oxygen into the hydrogen flame being 
generally announced by a faint explosion,—-and on gradually 
opening the tap the flame becomes shorter and more pointed, 
until its luminosity almost ceases ; if the excess of hydro- 
gen gas is shut off by turning the cock W, there will be 
immediately formed the small, pointed, non-luminous flame 
of the oxyhydrogen blowpipe. 

It is needless to describe the range of wonderful experi- 
ments that can be exhibited in the lecture room by means 
of this flame; suffice it to say that its power of combustion 
is such that if a thick wire of platinum, a metal most difficult 
to fuse, is held in the flame, it melts immediately like wax. 
If a bundle of steel wire is placed in the flame, the iron 
splutters about ina thousand brilliant sparks like a shower of 
fire, and great drops of the glowing metal fall to the ground 
and run about in all directions. 

The oxyhydrogen flame may become a source of intense 
light if, as suggested by Drummond, a cylinder, D (Fig. 5), 
of well-burnt lime is placed upon the socket of the lamp, 
and the flame directed against its upper part: it begins 
at once to glow, and throws out a dazzling light. A still 
higher intensity may be attained by substituting a piece of 
magnesia or zirconia for the cylinder of lime. 


5. THE ELECTRIC SPARK. 


The greatest amount of heat and light at present attain- 
able is furnished by electricity ; and various methods for 
exciting it have been devised. In all electrical generators 
arranged for the production of light, sparks are formed 
between two metallic poles or pieces of wire, which are 
placed in contact with those parts of the machine which 
collect the positive and negative electricity. 
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The amount of heat thus generated depends upon the 
degree of tension and the quantities of electricity by the 
union of which it is produced ; but in most cases it is so 
great that small particles of the metal poles are volatilized, 


and become luminous. The glowing metallic vapour affects 
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The Electric Spark intensified by a Condenser. 


the colour of the spark, and gives rise to various qualities 
of light, according to the nature of the terminals. These 
phenomena are valuable in spectrum analysis as affording 
a very simple method of volatilizing and raising most of 
the metals, and other substances which are conductors of 


electricity, to a high degree of luminosity. The same result 
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may be obtained with liquids, by placing one of the metal 
poles in the liquid to be examined, and bringing the other 
sufficiently near the surface for the spark to pass from it 
to the liquid. By the heat of the spark a small portion 
of the liquid is volatilized and made luminous. 

lf the spark supplied by these machines is insufficient, and 
a higher degree of heat is desired, an intensifying apparatus, 
such as a Leyden jar, F, or a condenser, must be placed 
between the two metal conductors A, B (Fig. 6); the spark 
passes between A and B only when the condenser has 
become charged, and the heat evolved is in proportion to 
the amount of electricity collected in the condenser. 

Gases can also be made luminous by the electric spark if 
enclosed in glass tubes and the spark be sent through them. 
The luminous discharge then takes a different colour according 
to the nature of the gas : in hydrogen gas itappears a purple- 
red—in chlorine, green—in nitrogen, violet—-in oxygen, white; 
but this method is not always advisable, because the heat of 
the spark is insufficient at the ordinary pressure to render 
a large quantity of gas luminous; it will presently be seen 
how this object may be attained by rarefying the gas. 


6. "TEE INDUCHON Colt. 


Among the most powerful generators of electricity is the 
induction coil, by means of which a comparatively weak 
electric current acting on every part of a thin wire many 
thousand feet in length, and completely insulated, produces 
electric sparks of such length and tension that they may bear 
some comparison even with lightning. As the induction coil, 
when once set to work, will continue to act so long as the 
. exciting battery is in order, it is more suited to the require- 
ments of spectrum analysis than are those machines in which 


electricity is generated by manual labour. The larger instru- 
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ments of this kind are called, after their inventor, Ruhm- 
korff’s Induction Coils, and are now so constructed that with 
moderate dimensions they give sparks from twelve to sixteen 
inches in length. For most purposes in spectrum analysis, 
however, an induction coil of medium strength is sufficient. 


7. Lumınosıry OF GASES ; GEISSLER’S TUBES. 
Experience has long shown that gases in a rarefied 
condition are good conductors of elec- 
tricity, while they are without exception 
bad conductors when in a state of greater 
density. Before the introduction of spec- 
trum analysis into science, it was known 
that in an egg-shaped glass vessel (Fig. 7) 
in which the air had been rarefied by an 
ordinary air-pump to a pressure of from 
is to +of an inch of mercury, an electric 
current could pass with the greatest readi- 
ness, taking the form of a luminous arch, 
between the metal knobs enclosed in the 
air-tight vessel, even when these knobs were 
eight or ten inches apart. An envelope 
of blue light surrounded the ball by which 
the negative current entered, and a brush 
of reddish light was emitted from the 





Electric Egg. 


positive ball. 

If small quantities of the vapours of certain substances, 
such as alcohol, phosphorus, or turpentine, are introduced 
into such a glass vessel before exhausting the air, the spray 
of light will not merely be coloured according to the nature of 
these vapours, but there will be also a series of dark stripes 
breaking crossways through the light, which therefore, as it 
travels from the metal knobs, will no longer be continuous, 


but be interrupted by dark strie. 
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An incitement has been given to the study of these 
phenomena by Dr. Geissler’s discovery of a new method of 
rarefying air. He succeeded in produc- 
ing vacua in glass tubes, in which gases 
could be enclosed in a state of extreme 
tenuity. By means of platinum wires 
soldered at either end, the tubes can be 
brought into connection with the poles of 
an induction coil. 

These phenomena vary exceedingly 
according to the form and composition 
of the glass of which each portion of the 
tube is composed, but especially accord- 


ing to the nature of the gas enclosed, 





and its degree.of tenuity. Fig. 8 shows 





a Compound Geissler’'s tube of this kind. 
When in contact with the poles of the 
induction coil, and the gas rendered 
luminous by the passage of the electric 
current, those portions of the tube which 
are filled with rarefied atmospheric air, 
or nitrogen, emit a beautiful ruddy light; 
whilst carbonic acid and carburetted 
hydrogens give out green and white tints, 
In a dark room these tubes present a 
splendid spectacle by the alternate stria 
of dark and brilliant parts, the purity of 
the colours, and the variety of forms 
into which the glass has been manu- 


factured. 





Geissler's tubes furnish a very con- 
venient means for rendering any gas Geisler? Tide 
luminous; but the intensity of the light 
is rarely sufficient for the purposes of spectrum analysis, 


e 


18 


SPECTRUM ANALYSIS. 


as the spectrum of such a tube can be examined only 


when every other light is withdrawn. Professor Plücker, 


however, succeeded in concentrating this faint light by 


confining the gases in very narrow capillary tubes. 
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Plücker’s Tube. 


Let us examine a series of Plücker’s tubes 
as prepared for the purposes of spectrum 


analysis. The first of these is almost re- 


duced to a vacuum--at least the small amount 





of gas in it does not produce a greater pres- 
sure than „4„ of an inch of mercury; the 
second tube (Fig. 9), where the central por- 
tion a b is capillary, encloses extremely 
rarefied hydrogen gas, the third nitrogen, the 
others oxygen, chlorine, carbonic acid, and 
minute traces of the vapours of iodine, 
sulphur, mercury, selenium, etc. If these 
tubes are brought singly into connection with 
an induction coil, in order that the current may 
pass between the platinum wires A and B, 
and render the gas enclosed luminous, the 
first tube shows no appearance of light, 
although the wires are barely separated 3}; 
of an inch, and the spark could be dis- 
charged in air at the distance of two or 
three inches. It would therefore appear that 
the electric current requires a material con- 
ductor for its transmission from one wire to 
the other, and that it cannot pass where 
there is no trace of either gas or vapour— 


that is to say, ın vacuo. In the other tubes, 


however, the light passes through the narrow portion a db 


with considerable intensity, and is visible at some distance 


as a sharply defined line, bearing a very decided colour 


peculiar to the luminous gas. 


nn 
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By the investigations of Hasselberg and Wiedemann it has 
been demonstrated that under the influence of the electric 
current, gases in a condition of extreme rarefaction may 
become luminous at a temperature far below that of incandes- 
cence. Thus during the experiments the glass tube under a 
pressure of gas at ‘025 inches may become heated, and rise to 
a temperature of 336° ; this is still far from the temperature of 
incandescence. In other experiments the increase of tem- 
perature within the tube may not exceed Io’ or 15°. Thus, 
owing to the uncertainty of measurement, it may well be 
































































































































































































































































































































































































































Bunsen’s Battery. 


questioned whether under such conditions any measurable 
rise of temperature takes place in the luminous gas. 


8. THE VortAıc Arc; THE ELECTRIC LicHr. 


The form of electricity which yields the largest quantities 
of light and heat is that of the voltaic arc, or the electric light. 

The voltaic arc is produced by the passage of an electric 
current between two carbon rods, forming the terminals 
of the poles of a battery. When the poles C Z of a 
powerful voltaic battery—such as a Bunsen battery of 
50 or 60 elements (Fig. Io)—are connected by metal 


20 SPECTIRUM ANAZYSIS. 


wires with two pieces of carbon, a db, pointed at the ends 
(Fig. ıı), and these brought into contact by bringing down 
the upper metal rod A, which carries the negative carbon, 
the electric current, in passing from one carbon to the other, 


produces an extraordinarily intense light. Direet contact is 


Fıc: IT. 





The Electric Light. 


necessary to form the arc, since the current is unable to over- 
come the resistance ofeven a small stratum of air such as would 
prove no impediment to the electricity from an induction coil ; 
but when the arc is once formed the points may be separated 


one or two-tenths of an inch without interrupting the dis- 


rn n 
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charge. A separation to this amount increases the brilliancy 
of the light, but if the points are still further separated, 
the light is suddenly extinguished, as the electric current 
can no longer overcome the resistance of the intervening 
stratum of air. If by pushing down the rod A the points 
are again brought into contact (reproducing the light), then 
separated a little. and the machine left to itself, it will 
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Projection of the Voltaic Arc. 


presently be noticed, if viewed through a dark glass, that the 
carbon is being consumed and its form constantly changing.* 


* [For producing the voltaic arc, these batteries, which are cum- 
brous and quickly exhausted, have of late been superseded by 
electro-magnetic or electro-dynamic machines, which, being worked 
by powerful steam or gas-engines, generate, by the conversion of 
mechanical power into electricıty, so strong an electric current that 
when passed between the carbon points the light and heat obtained 
is the most intense it is possible to produce. ] 
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There is a risk to the eyes if a near inspection of this 
dazzling light is made, and as dark glasses obscure the 
delicate changes which are taking place, it is advisable to 
view it indirectliy by throwing an enlarged image of the 
incandescent carbons upon a screen. 

For this purpose the room must be darkened, and an 
apparatus arranged for holding the carbon points as in 
Fig. 12.* The lamp A is provided with a lens L of suit- 
able focal distance, placed in front of the carbon rods, and a. 
concave reflecting mirror S behind them ; a diaphragm with 
different-sized holes is placed before the lens, and an opening: 
selected of medium size—about one-eighth of an inch. The 
electric current is then allowed to pass, and the lens adjusted. 
until the image is distinct on the screen P, placed about a 
dozen feet from the lamp. With this image (Fig. 13), in 
which the carbon points are magnified some hundred times, 
the slight changes taking place in their shape and appearance 
can be readily observed. It will be noticed at the first glance 
that an intense light is emitted by the incandescent carbon, 
and that the flame flickering between the points—the voltarc 
arc—is comparatively but little Juminous. It will be re- 
marked also that one of the carbon points begins to increase 
at the expense of the other ; that which first loses its point 
and wastes the fastest is always the one which is in con- 
nection with the positive pole (the carbon pole) of the 
battery. Very intensely bright particles pass from time to 

* Inthe drawing, this is made to appear open at the side, to show. 
the arrangement of the carbon points o z, the lens L, and the reflec- 
tor S. In reality, the lamp is shut close up after receiving the carbon 
holder. The junction of the carbon points corresponds with the 
geometric centre of the mirror, so that the rays from the voltaic arc 
falling on the mirror are reflected back to their starting-place, and 
thence proceed in company with the direct rays from the arc to the 
lens L. 


+ [It also emits the most intense light, and is hotter than the 
negative pole.] 
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time from the positive to the negative carbon ; little globules 


of melted silica, a substance always to be found even in the 


Bres 1% 





The Carbon Points of the Electric Licht. (Highly magnified. 


purest carbon rods, are to be seen gliding over the surface 


of the carbon ; these are the enemies of the electric light, 


for by their motion they give a certain irregularity to th« 
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arc, and as they are less brilliant than the carbon, they 
diminish the intensity of the light. When these globules, 
by their erratic movements, reach the hottest part of the 
points whence the strongest light is emitted, their presence 
is known by a hissing noise, and unfortunately also by a 
sudden diminution of the light. 

When the carbon points have become so separated that 
the current has difficulty in passing through the air from 
one pole to the other, by means of the incandescent particles, 
the strength of the current suddenly diminishes, and in 
like proportion the light begins to wane, until it is finally 
extinguished through the further separation of the carbon 
points. 


9. THE ELecrric Lamp. 


The chief obstacle to the employment of this magnificent 
light was its extreme uncertainty, and the ingenuity of 
scientific and practical men has been directed to devise an 
apparatus for keeping the carbon points at the requisite 
distance notwithstanding the constant waste of combustion. 
This has been successfully accomplished in Foucault’s 
electric lamp (Fig. 14), in which by an ingenious arrangement 
the magnetic power of the voltaic current itself becomes 
the regulator of the carbon points. 

The intensity of the heat and light from the voltaic arc, 
though much affected by the purity of the carbon points, 
depends principally upon the amount of electricity generated, 
and therefore on the size, number, and nature of the 
elements employed. With a medium-sized battery, con- 
sisting of 50 or 60 of Bunsen’s or Grove's elements, the 
light varies from that of 400 to 1,000 stearine candles, 
according to the purity of the carbon points, and their 
distance from one another. Fizeau and Foucault have 
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compared the chemical power of the electric light with that 


of the sun, by means of iodized silver plates, and found that 



















































































































































































































































































Foucault’s Electric Lamp. 


the electric light from a Bunsen battery of 46 elements could 
be expressed by the number 235, supposing sunlight at noon 
on an August day to be represented by 1,000. 
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The light from a Bunsen battery of 100 elements produces 
much discomfort to the eyes; a single glance is sufficient, 
when 600 elements are employed, to occasion considerable 
injury to the eye, and a long-continued headache. Even 
when only 60 elements are used, it is desirable to avoid 
looking directly at the naked light, and to make use of 
deep-blue spectacles during the experiments. a 
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SPBECERUNM ANALYSIS 
IN ITS APPLICATION TO 


TERRESTRIAL  SUBSTANGCES: 








io. LeRT 


ArruoucH the theory of light is now so complete that it 
offers an explanation of the most complicated optical pheno- 
mena, yet the great question as to the nature of light is 
for the most part unanswered. The operation of light is 
everywhere apparent, and is so manifold in effect, that the 
sun, while shedding forth but a single tone of colour, invests 
individual objects with an infinite variety of tints. The 
investigation of these colours and their development from 
the white light emanating from the sun constitutes pre- 
eminently the province of Spectrum Analysis. 

According to the theory at present received, the universe 
is an immeasurable sea of highly attenuated matter, imper- 
_ ceptible to the senses, in which the heavenly bodies move 
with scarcely any resistance. This fluid, which is called 
ether, fills the whole of space—fills the intervals between the 
heavenly bodies, as well as the pores* or interstices between 


* The hypothesis that atmospheric air in a condition of extreme 
attenuation is to be placed in the room of ether is yet too vague 
and too little supported by optical phenomena to be here enter- 
tained. 
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the atoms of a substance. The smallest particles of this 
extremely delicate and highly elastic substance are in constant 
vibratory motion ; when this motion is communicated to the 
retina of the eye, it produces, if the impression upon the 
nerves is sufficiently strong, a sensation which we call 
light. 

Every substance, therefore, which sets the ether in power- 
ful vibration is luminous ; strong vibrations are perceived as 
intense light, and weak vibrations as faint light, but in space 
both of them proceed from the luminous object at the 
extraordinary speed of 186,000 miles in a second, and they 
necessarily diminish in strength in proportion as they spread 
themselves over a greater space. | 

Light is not therefore matter der se, but only the vibration 
of matter, which, according to its various conditions of 
motion, gives rise to light, heat, or eleetricity. 


II. ANALOGY BETWEEN LIGHT AND SoUunD. 


This representation of the nature of light ceases to be 
surprising when we compare the vibrations of ether with 
those of atmospheric air, and draw a parallel between light 
and sound—between the eye and the ear. 

A string set in vibration causes a periodic movement of 
the air which is transmitted at the rate of about 1,100 feet 
in a second ; it strikes against the tympanum of the ear, and 
occasions, by its further impulse on the auditory nerves and 
brain, the sensation we call sound. Air in motion, by its 
influence on the organs of hearing, is the cause of sound; 
ether in motion, by its influence on the organs of sight, is 
the cause of light. Without air, or some other medium 


* [It will be seen later that something besides strength is required 
to make the indication luminous. ] 
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whereby the vibration of bodies can be propagated to our 
ears, no sound is possible. 

A musical sound, in contradistinction to mere noise, is 
produced only when the impulses of the air occur at regular 
intervals. The pitch of a musical note depends on the 
number of impulses in a given time, as, for instance, in 
a second ; the greater the number of vibrations in a second, 
the higher will be the note produced. When the single 
impulses are fewer than 16 or more than 40,000 in a second, 
the ear is no longer sensible of a musical sound : in the first 
case it either perceives only an undefined deep hum, or else 
it distinguishes the individual strokes upon the tympanum, 
and becomes sensible of them as distinct blows ; in the latter 
case there is an impression of a sharp but equally indefinite 
shrill or hissing noise. 

Colours are to the eye what musical tones are to the ear. 
A certain number of ether impulses in a second striking the 
retina of the eye are necessary to produce the sensation of 
light : if the number of these waves pass above or below a 
certain limit, the eye is no longer sensible of them as /ıght. 
The first sensation of these vibrations commences at about 
450 billion impulses in a second, and the eye ceases to 
perceive them when they have reached double this number, 
or about 800 billion ; in the first case the impression pro- 
duced is that of dark red, in the latter of violet. 

The greater the number of vibrations in any given time, 
the more rapidly must the single impulses succeed each 
other; it may be concluded, therefore, that the different 
colours are only produced by the different degrees of rapidity 
with which the ether vibrations recur, just as the various 
notes in music depend upon the rapidity of the succession 
of vibrations of air. The vibrations which recur most 
slowIy—amounting, however, to at least 450 billion in a 
second—give the sensation of red; those recurring more 
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rapidly produce that of yellow ; and if the rapidity continues 
to increase, the sensation becomes in succession green, 
blue, and violet, beyond which the eye is no longer sensi- 
tive to the ether motion, though this is still far from having 
attained its maximum. 

Those slower vibrations which, though they are reckoned 
by billions in a second, do not amount to 450 billion, 
are made apparent to us in the sensation of heat, which 
is also the result of oscillatory movement, radiant heat 
being, like light, propagated without the aid of foreign 
bodies. Those vibrations, on the other hand, which have 
a shorter period than that by which violet is produced—at 
which colour the eye’s susceptibility to light ceases—reveal 
themselves by their powerful chemical action * ; they succeed 
each other too rapidly for the visual nerves to be any 
longer conscious of the impulses, but they have the power 
of working chemical changes, and the decomposition of 
various substances can undoubtedly be traced to the agency 
of these invisible rays. There are various substances 
which possess the power of moderating the excessive 
velocity of these vibrations, and thus bringing the invisible 
chemical rays within the reach of the eye’s susceptibility. 
These substances, termed fluorescent, appear illuminated when 
placed beyond the visible limit of the spectrum, and receive 
only those rays which vibrate more than 800 billion times 


a second. 


12. REFRACTION OF LiGHT. 


When light passes through a stratum of air, water, or glass, 
a portion of the ether motion appears to be destroyed— 
absorbed,; and this absorption is the greater the further the 


* [It must not be understood that these rays @a/one have the 
power of causing chemical decomposition. The whole of the rays 
of the spectrum have the same power. ] 
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distance the light has to travel through these bodies. Thus 
objects are seen with perfect distinctness through a thin 
sheet of glass, while through a thick piece they are less 
clearly visible, and are sometimes almost obliterated. 

So long as light passes through a completely homogeneous 
medium possessing the same density throughout, it is trans- 
mitted with unvarying rapidity in a straight line ; but this is 
not the case when it passes from one medium to another of 
different constitution. When, for example, a ray of light 
coming through the air strikes upon the surface of water, or 
upon a sheet of glass, and afterwards passes through these 
denser substances, it deviates from its straight course the 
moment it touches the new medium, excepting only when it 
falls perpendicularly to the surface separating the two media. 

This deviation of the ray of light from its straight course 
is called refraction : it occurs in all cases where light passes 
obliquely from one medium to another of different density 
or constitution. "Ihe laws of refraction have been ascer- 
tained with mathematical precision, and it will be desirable 
to consider here some of the most important of them. If, 
for example, the ray R I (Fig. 15) passes from the air into 
water at I, it will pursue its path through the water, not in 
continuation of the straight line R I, therefore not in the 
direction of I R!, but in that of IS, which is nearer than 
I R'tothe perpendicular I Q erected on the surface of the 
water at the point I. The refracted ray I S remains in the 
same plane RI Q formed by the incident ray R I with the 
perpendicular I Q, and in this plane the angle RI Q formed 
by the ray R I with the perpendicular Q P in the rarer 
medium (air) is, with very few exceptions, greater than the 
angle S I P formed by the ray I S with the perpendicular 
Q Pin the denser medium (water, glass, etc... On passing 
from a rarer into a denser medium the ray is usually bent 


towards the perpendicular in the denser medium; and, 
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conversely, on passing out again from the denser into the 
rarer medium, it is bent /rom the perpendicular. 

The relative proportions of the two angles RIQand SIP 
may be ascertained by describing a circle with any radius 
from the point I, and letting fall the perpendiculars T U and 
S P from the points of intersection T and S upon the line 
Q P. These perpendiculars are measures of what are 
called the sines of the angle which they enclose ; thus, T U 


is a measure of the sine of the angle of incidence T IU, 





Refraction. 


and S P is that of the sine of the angle of refraction 
SI P, and the sines are subject to the following universal 
law of refraction : For the same two media the proportion of 
the sines of the angles of incidence and refraction ıs a con- 
stant quantity, whatever may be the angle of incıdence. 

This proportion (TU: SP) is, for example, for air and 
water as 4 to 3, whence it follows that at whatever angle the 
rav R I in the air may strike the surface of the water, the 
refracted ray 1S will be so deflected that T U shall be to 
S P in the proportion of 4 to 3. 

This invariable ratio between the sines of the angles of 
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incidence and refraction is called the index of refraction of 
the media. The index of refraction for air and water is 
therefore expressed by 4:3, or more accurately by 1'34. 
Every transparent medium has a peculiar and special index 
of refraction, and this again varies even in the same sub- 
stance according to its greater or lesser density. Thus for 
air and crown glass the index of refraction is 1'530, while 
for air and dense flint glass it is 1'645 ; the refracting power, 
therefore, of flint glass is much greater than that of crown 
glass under similar conditions. 

The following table gives the mean value of the indices 
of refraction for several substances when light enters them 


From the airı 


Water LS 
Alcohol . 1'374 
Canada balsam 1'532 
Bisulphide of Carbon 1'680 
Crown glass, No. 13 of Frataliafer DRS 
Flint glass, No. 30 of Fraunhofer . 1'637 
Fa of Merz 7707 
Diamond 2'487 


The angle SI R formed by the deviation of the refracted 
ray 1 S from the incident ray RIR is termed the angle of 
deviatıon. This angle is manifestly the difference between 
the angle of incidence RIOQ and the corresponding angle 
of refraction S IP. The amount of deviation increases 
with the increase of the angle of incidence, but does so at a 
proportionally greater rate. This will be at once apparent 
from the following tables, calculated for the media of air and 
water, based upon their refractive index of 4:3, in which 
the successive angles of refraction formed in the water cor- 
responding with every 10° increase in the angle of incidence 


in the air are given. 
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Bi Difference be- 

ngle ofIncidence | Angle of Refrac- | tween the Suc- m 

in the Air. tion in the Water. | cessive Angles Devinen, 

| of Refraction. 

o° o 0° 
10 220, 20 © 2°. 
20 14 5: 48 7 22 8 5.8 Te 
30 22 027 7939 71.58 33 
40 28 49 26 6:27 59 II ro 34 
50 35 4 0 6 14 34 14 56 0 
60 2 o2 |5 621998 
70 44. 48 ar 1 A. 18021 ss Ir 9 
80 47 36 45 248 4 32 23 15 
90 48-.35..25 o 58 40 41 24 35 











While therefore the angle of incidence in the air augments 
progressively IO’ at each advance, the angle of refraction in 
the water increases at a slower rate, and only attains its 
maximum—48° 35’ 25’—when the angle of incidence has 
reached 90. The last column of figures shows the pro- 
gressive increase in the deviation with a constant increase 
of 10° in the angle of incidence. When the ray passes 
from water to air the increase in the deviation, as the angle 
of incidence increases, is still greater. In this case the result 
is as follows :— 





Angle of Incidence Angle of Refraction in 





Ir Vester. A Deviation of the Ray. 
©> O- or 

5 6° 40’ 24 1° 40’ 04” 
To 13 23 14 223 I 
Is 49 31 16 5 ıı ı6 
20 2 E 383 i 138 
25 34 17 58 9.17.53 
30 41 48 39 ı1 48 39 
ss 49 55 II 14 53 34 
40 58 59 15 18 59 15 
45 19 3 50 25 31 50 
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It appears therefore that in the passage of a ray of light 
from air to water, when the angle of incidence is 90° 
the angle of refraction is 48° 35’ 25”, while a ray falling 
perpendicularly passes through unbroken. Between the 
angles of incidence 0° and 90° in the air lie a countless 


number of rays; while in the water all their corresponding 


I R 


angles of refraction are confined between O° and 48° 35’ 25”, 


and no refracted ray can fall beyond this limit. This angle 
is therefore named Ye limiting angle of refraction in this 
n. 90° 


medium, and is found by the equation —— =P, where ? 
sin. x 





Refraction by a Liquid. 


is the index of refraction from the rarer to the denser 


. ; I s e Ak 
medium, or by sin. <=. For air and glass :this angle, 


P 


assumingi that /=1'5, will be 41° 48' 39". If, on the 





contrary, a ray emerging from a denser medium—-as, -for 





instance, glass—falls at an angle smaller than the limiting 
angle, say at 42°, it becomes refracted, and passes into the 
rarer medium. Should the ray, however, fall at an angle 
greater than the limiting angle, it cannot emerge from the 
denser medium. In this case, instead of being refracted' it 
will be reflected from the outer surfaces of both media. This 
phenomenon is termed /ofal reflection, and this /imiting angle 


is called Zhe angle of total reflection, or crıtıcal angle. 
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In Fig. 16 the ray A B emerging from point Ain a liquid 
is refracted at B and deflected to B D; the second and 
closely approximate ray AC is refracted at C and proceeds 
through the air in the direction C E. Now as the angle 
of refraction increases with the angle of incidence, the 
refracted rays BD and C E diverge in the same manner as 
the incident rays ABand AC. Iftheserays are prolonged, 
they unite at the point Al, and to an eye receiving the 


bundle of rays comprised between BD and CE the same 





Path of the Rays through a Medium with Parallel Sides. 


impression will be produced by the condensing power of the 
lens as if the rays came unrefracted from the point Al, 
The eye thus sees the point A at Al, which is the optical 
image of A made to appear there by refraction. At is 
higher than A, and this explains why objects under water are 


made to appear higher by refraction than they really are. 


13. REFRACTION THROUGH GLASS OF PARALLEL SURFACES. 


If a ray of light, as SI in Fig. 17, is transmitted from 


the air through a denser medium, MM, with parallel sides, — 
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for example, through a plate of glass, —then a simple con- 
struction deduced from the preceding law will show that the 
incident ray S I will be diverted at I towards the perpen- 
dieular IN in the direction I R, but that on its emergence 
from the glass at R, it will again deviate by an egual amount 
from the perpendicular R N!, so that in whatever direction 
the incident ray S I may fall, the emergent ray R F always 
remains parallel to it. A spectator at F, on the opposite 


side of the glass plate M M, would receive the incident ray 


\ 


















































Ihe Prism. 


S lin the direction R F, and would see the luminous point 
S, whence the ray S I emanated, in the direction R S!, so 
that this point would appear in a different place, S!, from that 


which it really occupies. 


I4. REFRACTION OF MONOCHROMATIC LIGHT BY A Prism. 


If the surfaces of the glass, instead of being parallel, form 
an angle with each other—as in a triangular glass prism 
(Fig. ı8)—the path of a ray of light will be as follows. 


Let A BC (Fig. I9) represent the section of a prism 
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standing on its base, and let the ray D e fall in the 
plane of the section upon the surface AB. The ray on 
entering the glass is bent towards the perpendicular fe in 
the direction eh. After passing through the prism in a 
straight course, it is again bent at 4 on emerging into the 
air, and is permanently deflected from the perpendicular g A 
in the direction 4 E. The ray D e therefore takes the direc- 
tion DehE when a prism is interposed in its path, while 
were the prism removed, it would pursue its original course 


along the straight line D D.. 


Fic. 19, 
































Path of a Ray of Light through a Prism. 


It will thus be seen that the incident ray D e does not 
leave:the prism, either in its original direction, orin a parallel 
direction : theory and experience have both established that 
in every case the incident ray is deflected from its original 
course in such a manner that the emergent ray is bent 
towards that surface of the prism (the base) through which 
it does not pass. The edge A opposite the base C B is 
called the refracting edge; the solid angle BA C formed 
at that point the refracting angle; and the angle formed by 
the emergent ray (Ah E) with the course D D, of the incident 
ray is called the angle of deviatıon. 


Fig. 20 will illustrate this more clearly : the incident ray 
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S I passes through the prism after its first refraction at | 
in the direction I E; it becomes refracted a second time 
as it emerges at E, and then proceeds in the direction 
ER, Inall the three 
figures the dotted lines 
INand EN’are drawn 
perpendicular to the sur- 
faces of the glass; the 
ray is deflected in the 


denser medium of the 











glass towards this per- 

















pendicular, while it is 
bent away from it in 
the rarer medium of air, 
so that the angle it makes 
with the perpendicular 
is always greater in the 
air than in the glass. 
In the second figure the 
incident ray S I passes 
unrefracted through the 
prism in the direction 
l E, because :S I is per- 
pendicular to the surface 
of the prism. In the 


third figure the incident 























ray S land the emergent 





ray E R form the same 
. > Refraction ofa Ray of Light by a Prism. 

angle with the surfaces 

of the prism, and this is also the case with the refracted ray 

I E. The path taken by the ray in this case is termed the 

symmetrical path of a ray, and it is at this point that the 

minimum of devialıon occurs.* 


See Appendix A. 
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The determination of this angle of minimum of deviation 
is of great importance in all investigations concerning the 
refraction of light and the analysis of the spectrum, not 
only because it furnishes a ready method for ascertaining 
the co-efficient of refraction for the prism, but because it 
also indicates that portion of the prism through which 
objects are seen without distortion. 

We are prepared to understand from Fig. 16 that the 
emergent rays D (Fig. 21), after their first refraction by the 
prism A BC, appear to form an image at d when viewed 
inthe direction he. This image again may be regarded as 


a starting-point of rays, which, traveiling in the direction e ıh, 





Image beyond the Prism. 


suffer a second refraction at the point of emergence /ı, and 
proceed through the air in the direction A E to the eye at E. 
Thus it happens that when viewed in the direction of the 
emergent rays an image is seen beyond the prism at the 
point D.. 

By calculation it is found that with the minimum of devia- 
tion the distance of this image D’ from the prism is equal to 
the distance D e of the luminous point; if therefore D con- 
sists of a succession of luminous points, or of a narrow 
Inminous slit, parallel to the refracting edge A of the prism, 
and the eye is brought into the direction of the emergent 


rays Ah E, then a sharp image of the slit will be seen at D’ 


’ 
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and this image will appear to be at the same distance from 
the prism as the luminous slit D when the prism is in the 
position of minimum deviation. Instead of viewing the 
image D’ of the slit with the naked eye, it may, like any 
other object requiring more minute inspection, be examıned 
with a telescope. 

If, as in Fig. 22, a convex lens L is placed in the path of 
the emergent rays, which behave as if originating from the 
point D’, then, in accordance with the laws of optics, these 
rays will be re-united at the point 5. This point is the 


image of the luminous point D, and if a screen is placed at 





Prism with Convex Lens. 


this spot, and the point D becomes a brightly illuminated slit, 
an inverted image of the slit will be formed at d. In these 
phenomena it is understood that the light proceeding from D 
is homogeneous—such as is produced by a faintly luminous 
flame of a spirit lJamp when made yellow by the presence 
of common salt. If such a flame is placed in front of the 
slit D, or in front of a prism as in Fig. 23, and viewed 
through the prism, the deflected image of the slit or flame 
will be seen at the more elevated point D’; if the prism 
is inverted, the rays will be deflected from above, and the 


slit or flame will be in a lower position. By projecting 
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the image on to a screen by means of a convex lens L, 
a sharply defined yellow image of the slit 
will appear. 


or flame 5 


Fıc. 
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Viewing Objects through a Prism. 


rn 


15. REFRACTION OF THE DIFFERENT COLOURS BY A PRrısm. 


We have hitherto considered the phenomena of refraction 
onlv so far as they are common to rays of every description. 
Let us now direct our attention to the influence of refraction 


upon the individual coloured rays. To commence with red 
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light : let a diaphragm, in which is a circular hole of about 
one-eighth of an inch in diameter, be placed immediately in 
front of the lantern A (Fig. 24), and the aperture covered 
with a thin piece of glass », coloured red with cuprous 
oxide. By interposing the lens L, a small red circular disc 
A, the image of the aperture A will be seen immediately 
opposite on the screen SS. If the glass prism np o is 
inserted in the path of the ray between L and A,, in the 
place indicated in the figure, the red disc on the screen will 
move from A, to R. The light from 


A which fell upon the prism in the 


FiG. 24. 


direction A B is thus considerably nu 
diverted from its straight course AA, % l, 

so that the emergent ray C R has | 
moved further away from the edge n, 
where the two refracting glass surfaces 
unite, and has been deflected towards 
p o, the base of the prism. 

If green light is examined by the 
interposition of a green glass, the ray 
emerging near C no longer falls upon 
the sereen at R, but at the point G, 





Deviations of the different 
which lies still nearer the base of the coloured Rays in passing 
through a Prism. 

prism ? o, from which it may be con- . 
cluded that green light is more deflected from the original 
direction than is red. If, finally, a violet glass is placed 
before the aperture, the violet ray is yet more refracted by 
its passage through the prism than the green was, for it 
strikes the screen at V. This experiment may be repeated 
with orange, yellow, blue, and other coloured glass; and it 
will be found that the place of the image on the screen 
changes with every colour, that the red light is the least 
and the violet the most refracted, and that the refrangibility 
of the different colours continues to increase from red through 


orange, yellow, green, and blue to violet. 
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lf a ray of light, composed of several colours, is allowed 
to pass through a prism, the individual colours will be but 
slightly separated on entering the prism, but will be much 
more widely dispersed as they leave it. The incident ray 
will be decomposed into its constituent colours, and each 
colour will follow its separate path and appear upon the 
screen in the order just given. 

These simple experiments show that rays of light of 
different colours possess different degrees of refrangibility,; red 
light is not so much deflected from its straight course by 
refraction as is violet: the former, therefore, is less re- 
frangible than the latter. This different behaviour of red 
and violet light is a necessary consequence of the unequal 
rapidity of the ether vibrations, which we have already 
recognised as the cause of the different colours. In red light 
the number of vibrations in a second is about 450 billion, 
the wave-length or extent of each vibration being about 
o000000th ofaninch. In violet light the number of vibrations 
in a second is about 800 billion, the wave-length being about 
10000000th of aninch. This difference in wave-length does 
not imply that the vibrations are not propagated with equal 
rapidity ; as a matter of fact, the rays of different colours 
travel with the same velocity in the free ether of the 
universe, and almost with an identical rapidity in air. If, 
however, different coloured rays pass from one medium to 
another, —as from air to glass, —the rays of shortest wave- 
length are the most influenced by the increased resistance 
which the glass offers to the passage of the light, and are 
consequently the most refracted. 

As each colour has a length of wave peculiar to itself, 
so also has it a particular degree of refrangibility ; and 
therefore a beam of light composed of several coloured 
rays will be decomposed on passing through a refractive 
substance and separated, according to the various degrees 





KERRANCZZOM OP COBOURS. 47 


of refrangibility of the rays, into the individual colours 
composing it. 

Now it is one of the laws of optics that when light passes 
from one medium to another the index of refraction is 
always proportional to the velocity of light in the two 
media. The index of refraction for air and water being 
4°: 3, the difference of velocity of light in air and in water 
will be as 4to 3: the higher refrangibility of a ray betokens 
its slower speed through the refracting medium. It follows, 
therefore, that as in a refracting medium the various 


coloured rays have various indices of refraction, least in 
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the red and greatest in the violet, they too must travel 
through the medium with varying velocity, the red with 
the greatest, the violet with the least velocity. 

It will be seen from Fig. 25 what the effect must be if, 
instead of homogeneous light, a composite ray made up of 
rays of light of several colours and various degrees of re- 
frangibility falls from the point D upon the prism ABC. 
As the red rays are less refracted than the yellow rays, they 
unite upon their exit from the prism at the point R', which 
is less removed from the line of ineidence D A than is the 
point at G!, the place of union of the yellow rays. The 


reverse takes place with regard to the violet rays, for they 
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unite after refraction at the point V', which is further re- 
moved from the line of incidence than the point G', where 
the yellow rays unite. If therefore the light from D falling 
on the prism D A consists of various rays of unequal re- 
frangibility, these become separated in their passage through 
the prism, and appear upon the screen as a succession of 
coloured images between R' and V'. If a brightly illu- 
minated slit occupies the place of the point D, a succession 
of as many coloured images of the slit as there are varieties 
of refrangibility in the light by which it is illuminated 
will appear on the screen. 


16. THE SOLAR SPECTRUM. 


The question now presents itself as to how colourless— 
that is to say, wArte—light is affected by its passage through 
a prism. Such is the light that comes to us from the sun. 

If a ray of sunshine is allowed to pass through a small 
round hole in the window shutter of a darkened room, as is 
shown in Fig. 26, there will appear a round white spot of 
light, exactly in the direction of the ray, upon a screen placed 
opposite the opening, which is indicated by the dotted lines 
in the figure. A very different appearance will be pre- 
sented if the ray of light is made to fall upon a prism. The 
ray is at once deflected upwards from its straight course, 
that is to say, towards the base of the prism, and away from 
the refracting edge, which, as represented in the drawing, 
is turned downwards. On its emergence from the prism 
it no longer remains one single ray, as it entered the 
window shutter, but is separated into various coloured rays, 
which, as they continue to diverge, form upon the screen an 
elongated band of brilliant colours, instead of the former 
round white image of the sun. In this brilliant band the 
individual colours blend gradually one ınto the other; 
beginning at that end Iying nearest the direction of the 
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incident beam (the lowest end in the figure), with the 
least refrangible ray, is a dark and very beautiful red; 
this passes imperceptibly into orange, and orange again 
into bright yellow ; a pure green succeeds, which is shaded 
off into a brilliant blue, followed by a rich deep indigo ; 


a delicate purple leads finally to a soft violet, by which 
































Exhibition of the Solar Spectrum. 


the range of the visible rays is terminated. A faint 
picture of this magnificent solar image is given in No. I of 
the coloured plate (Plate XIV.); this is called the Spectrum. 
In the colours of the solar spectrum the eye discerns number- 
less gradations, passing imperceptibly from one to another; 
and since language does not suffice to give separate names to 


4 
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each of these, we must content ourselves with designating 
only the principal groups, commonly known as the seven 
colours of the spectrum.* 

This experiment furnishes conclusive evidence that white 
light is not simple and indivisible, but composed of innumer-- 
able coloured rays, each of which possesses its own peculiar 
degree of refrangibility, and therefore, on refraction, pursues 
a separate path. The decomposition of sunlight by refrac-- 
tion is shown in various familiar phenomena ; the rain- 
bow, the play of colour in the diamond and in the facets 
of cut glass, and the glow of colour upon the landscape in 
the light of the rising and setting sun,f—all these effects are 
occasioned by the decomposition of white light by refraction. 

The colours of the solar spectrum possess a purity and 
brilliancy t to be met with nowhere else ; they are all per- 
fectly indivisible,. and cannot be further decomposed, but 
they lie so thickly together that even the smallest pencil of 
rays that can be taken from the spectrum behaves as if 
consisting of a great number of rays, and in fact contains 
varying shades of the colour selected. This may be easily 
proved by analysing any of the rays of the spectrum by a 
second prism. If a small round hole is made in the screen 
in any portion of the image of the spectrum,—-the extreme 
red, for instance (Fig. 26),—a red ray passes through it, 
and appears upon the opposite wall as a spot of red light. 
By the second prism the ray will suffer a second deviation, 
and the image be thrown higher up on the wall. This 
new image, however, is not circular, but somewhat elon- 
gated, showing that the red ray coming through the small 

* [It is often convenient to subdivide the colours into more than 
seven. Professor Piazzi Smyth’s subdivision is as follows: crimson- 
red, red, scarlet, orauge, amber, yellow, citron, green, glaucous,. 
blue, indigo, violet, lavender. ] 

+ [Sunset and sunrise glows are not so easily explained. ] 

t [Brilliancy, yes, but scarcely the case as regards purity. ] 
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hole is not of one single tint of red, but is composed of 
several rays of various shades of red. This applies, with- 
out exception, to all the colours of the spectrum, a proof 
that the colours of the spectrum produced by a prism 
may be yet further separated by the action of a second 
prism. 


17. THE Dispersion OF LIGHT. 


The decomposition of white light into its coloured rays is 
called the dispersion of light. In this process of decomposi- 
tion the further apart the extreme outside rays are separated, 
the greater is the amount of dispersion. In the decomposi- 
tion of white solar light, the red and violet rays form the 
boundaries of the visible spectrum, for the rays least de- 
flected from the angle of incidence are the red, and those 
most deflected are the violet. The difference between these 
two angles is a measure of the amount of dispersion. 

As the amount of deviation is in proportion to the size of 
the refracting angle of the prism, so the amount of dispersion 
varies in prisms of the same substance according to the size 
of this angle. Thus spectra produced by such prisms will 
vary in length according to the largeness of the refract- 
ing angle, but in every variation in the length of the 
spectrum the space occupied by each colour will retain its 
due proportion. If the spectrum is doubled in length, each 
band of colour will be doubled also. 

We have already observed that in the same substance a 
variation of structure—as, for example, in glass of different 
densities—has a great influence upon the index of refrac- 
tion, and, in consequence, upon the deviation of the rays. 
Prisms of the same refracting angle, but constructed of 
glass of varying density, differ in the amount of devia- 
tion given to each colour, and the spectra: produced by 
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such prisms differ not only in length as a whole, but in the 
space occupied by each colour.* 


18. THE SPECTRA OF THE LIME-LIGHT AND THE 
FLeetrric LicHt, 


In the absence of sunlight, the Drummond lime-light forms 
a good substitute, and its spectrum may be exhibited to an 
audience in the following manner. Let the lantern L (Fig. 27), 
already described, be placed on a table T T, 5 feet long and 
16 inches wide, turning on a pedestal F, and in front of the 
lamp insert the diaphragm d, which confines the light to a 
narrow slit. OÖpposite the lantern, at a distance of I2 or 
15 feet, place two paper screens S S,, 8 feet square, very 
slightly inclined to one another; let the lime cylinders then 
be raised to incandescence by means of the oxyhydrogen jet, 
the room be darkened, and the table T T so turned that the 
tube d of the lantern is perpendicular to one of the screens 
(S). Then let a double convex lens /, of 4 inches diameter, 
and about 12 inches focus, be placed between the slit d and 
the screen S, at a distance of about 12 inches from the slit, 
so as to throw the rays issuing from the slit upon the screen 
S in the form of asharp and magnified image, d‘, of the slit d. 
Close behind this lens /, a flint-glass prism P of 60°, 24 
inches high and 2 inches broad, must be placed in the direct 
path of the rays,f when there will appear on the second 
screen S, a magnificent spectrum, about 3 feet long and 16 
inches wide, exhibiting the whole range of colours as shown 
in Plate XIV., No. 1. ÖOwing to the distance of the screen, 
the spectrum is very considerably displaced from the spot @', 


* See Appendix B. 

+ This position of the prism is the most advantageous, because 
the loss of light is least ; the spectrum would be nearly as good if 
the prism were moved 11 or 12 inches from the lens. 
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where the rays fell when undeflected by the prism; the red 
lies nearest to that straight line, the violet is the furthest 
removed from it; the former is therefore the least refracted, 
and the latter the most so. The individual colours succeed 
each other without interruption ; their limits are not sharply 
defined, but they blend one into the other, and thus form 
an unbroken or continuous spectrum. 

In order to obtain a pure spectrum, the width of the slit 
ought not to exceed one-sixteenth of an inch; were it 
wider, the spectrum would greatly increase in splendour 


RıG. 28, 





and brilliancy, but the central colours would lose in purity, 
and no longer be so clearly separated. 

In many instances a /ransparent screen may be advantage- 
ously used, behind which the lamp is placed. The screen is 
then visible without interruption from the lantern or experi- 
menter, and the whole arrangement is much simplified. 

The spectrum of the electric light may be exhibited in 
a similar manner by substituting an electric lamp for the 
oxyhydrogen lamp, and properly connecting the carbon 
points with an electric battery of 50 Bunsen’s or Grove’s 
large cells. The slit may be somewhat contracted to secure 
the maximum purity of the spectrum. With a wider slit 
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“the spectrum gains in brilliancy, but remains suffhiciently 
pure to allow of its being increased to double or treble the 
length of that of the lime-light. To effect this prisms of 
some highly refractive substance, such as dense flint glass, 
with a refracting angle not less than from 45° to 60°, must 
be employed. If still greater refractive power is required, 
liquid bisulphide of carbon may be employed by enclosing 
it in a hollow prism (Fig. 28), composed of pieces of plane 
plate glass cemented together. The surfaces of the plates 
being parallel, the rays of light suffer no deviation in passing 
through the glass, nor does the glass exercise any influence 
on the course of the rays through the liquid. 

We have already noticed that light, after having been 
dispersed by one prism, may yet suffer a further dispersion 
by the interposition of a second prism. If immediately 
behind a prism of flint glass, a second prism of flint glass 
or of bisulphide of carbon is introduced, and so arranged 
as to throw the rays upon the second prism in a manner 
similar to that in which it itself had received the light from 
the lens (the prisms forming an angle of about 100° with 
each other); a spectrum will be obtained of about eight feet 
in length, and deflected more than 90° from the original 
direction of the beam: the colours, though still clearly 
visible, and easily distinguishable one from another, will, 
however, have lost much of their original brilliancey. A 
combination of two bisulphide of carbon prisms, placed at 
an angle of 110°, would lengthen the spectrum still further, 
but the brightness would be diminished proportionally to the 
increased length. 


IQ. RECOMBINATION OF THE COLOURS OF THE SPECTRUM. 


If white light is composed of the colours of the spectrum, 


-then the recombination of the colours ought to reproduce 
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white light. This may be demonstrated by means of the 
spectrum of the electric light when thrown upon a screen. 
If a cylindrical lens (Fig. 29) is interposed between the 
prism and the screen so as to receive all the coloured rays, 
they will converge, and the narrow line of light formed at 
the focus will be white. 


20. INFLUENCE OF THE WIDTH OF SLIT ON THE PurıTY Or 
THE SPECTRUM. 
For the purity of a spectrum it is necessary that the 


Fi. 29. 


































































































Recombination of the Colours of the Spectrum. 


coloured rays belonging to each white ray should, after their 
separation by the prism, reach the eye unmixed and unim- 
peded. If, asin Newton’s experiment, a ray of white light is 
allowed to enter a darkened room through a small »ound hole 
and intercepted by a prism, the spectrum produced will be 
obviously far from pure. In Fig. 30 let a5 represent a 
horizontal opening in front of the prism P, the refracting 
edge of which is supposed to be horizontal. A horizontal 


ray of white light a a,, grazing the extreme end a of the 


a 
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opening a b, and falling on to the prism, produces a complete 
spectrum of its own rv, which in the plane of incidence 
between r and v--or the red and the violet—contains all the 
colours of the spectrum. In the same manner the ray d db, 
grazing from the other end of the opening 5 produces 
likewise a complete spectrum of its own, containing every 
colour. Between a and d are an indefinite number of points 
through which light passes, the number of which increase 
according to the width of the slit; out of these let us select 
for consideration the point c, the ray from which c c, forms 


Fıc. 30. 








Influence of the Width of Slit on the Purity of the Spectrum. 


another spectrum 7, v, between the two outer spectra, rv 
and r, v,, which it is evident falls partly over the two other 
spectra between the two points 7,v,. While in the portions 
vv, r,r, there are parts of the pure spectra formed by the 
rays aa, and dd, there are to be found in the portions 
v, r, of the compound spectra v r, the superposed colours 
due to the whole slit, and their colours, being no longer 
separately distinguishable, produce the impression of a 
confusion of tints. The spectrum of white light, therefore, 
emitted through a wide slit is only pure or of unmixed 
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colour at the extreme ends, viz., in the red and in the 
violet rays; in the middle there is mixed light in an 
extreme case, composed of all possible groups of rays. 

Newton was never able therefore to produce a pure 
solar spectrum, because the round hole through which he 
admitted the light was too wide for its production. It 
was not till 1802 that the round hole was superseded by 
the slit. The idea occurred to Wollaston that if instead 
of a round hole a narrow opening with sides parallel to 
the refracting edge of the prism were employed, the effect 
would be that every point in the thin line of light would 
produce a complete and pure spectrum. The result of this 
would be that a series of pure spectra would be formed 
which in their entirety would appear as one broad and 
pure spectrum. Experiment justified his conception, and 
he thus obtained a solar spectrum of unprecedented purity. 
Since his day nearly all investigations of the spectrum 
have been conducted by admitting the light through a 
narrow slit formed, as a rule, by two metal plates, regulated 
by a screw so that the width of opening can be controlled. 

The mechanism for regulating the slit is mostly of a 
simple kind ; in special cases a micrometer is attached 
for the accurate measurement of the width of opening 
employed. 

The purity of the spectrum depends not only upon the 
width of the slit, but upon the sharpness and cleanness of 
its edges. Particles of dust clinging to the walls of the 
slit suffice to create dark streaks along the whole length 
of the spectrum, which much impede observation. 

Should such streaks make their appearance, the slit ought 
to be carefully wiped from dust with a camel’s hair pencil.* 


* [This is scarcely suficient. It is better to cut a fine wedge of 
hard wood and insert it between the jaws of the slit, and by a gentle 
upward and downward motion to get rid of the adhering particles. ] 
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It is scarcely necessary to remark that the slit must always 
be guarded with the greatest care from rust, or from the 
action of salts and vapours. Brass is perhaps the least 
satisfactory material that can be used, but steel has been 
employed with good effect, while a further improvement has 
been the introduction of an alloy of gold, which, while easy 
to work, is impervious to rust and changes of temperature. 
Rutherford, of New York, has adopted obsidian, which is 
capable of resisting chemical action, and with careful usage 
remains unaffected by wear. A suitable material has also 
been found in a very hard platinum alloy, such as was 
adopted for the French standard metre. 


21. THE FRAUNHOFER LINES IN THE SOLAR SPECTRUM. 


When Wollaston, in 1802, was looking casually through 
a prism at a narrow opening in a window blind, he observed 
that the spectrum was throughout crossed by a great number 
of dark lines, all parallel to the slit. He neglected, however, 
to follow up this discovery, and it was not until 1814 that 
Fraunhofer, the celebrated German optician, recognizing 
the importance of the phenomenon, set himself to determine 
the positions of the most prominent of these lines. These 
dark lines show that though the sun may send out rays 
of every kind and of every colour, yet the whole of these 
rays are not received by us, but that certain coloured rays, 
or rather rays of a certain refrangibility, are extinguished. 
The cause of these dark lines was not discovered till long 
after, but Fraunhofer succeeded in mapping about six 
hundred such lines. He observed, moreover, that with 
the same prism and telescope the lines always kept the 
same order and relative position, and were therefore admir- 
ably fitted for the identification of individual coloured rays, 
or for the determination of their refrangibility. 
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Fıc. 31.-—Fraunhofer's Solar; Spectrum. 


To facilitate reference to any portion 
of the solar spectrum (Plate XIV., Nos. 
I, 9, IO), Fraunhofer, whose drawing 
is given in Fig. 31, designated eıght 
of the most prominent lines by the 
letters BG DEF GG Dr 
these lines A and B lie in the red, 
C in the red near the orange, D in 
the orange, forming a double line with 
a high power, E in the yellow, F on 
the borders of the green and blue, G 
in the dark blue or indigo, and H in 
the violet. Besides these lines, there 
is a noticeable group a of fine lines 
between A and B, and also a group 5, 
consisting of three fine lines,* between 
E and F. It may here be remarked 
that Fraunhofer found that the posi- 
tion of the two dark lines in the solar- 
spectrum, designated by him D were 
coincident with the two bright lines, 
now known as the double sodiunm line, 
shown by the light of a lamp. The 
whole of the dark lines of the solar 
spectrum have been called, after their 
discoverer, the Fraunhofer lines. 

In forming the spectrum, if instead 
ofa prism of crown glass one of flint 
glass is employed, the dispersion 
of the light will be greater and the 
length of the spectrum increased. In 
consequence of this extension the 


* [Better marked even than E in the 
present state of the solar spectrum. ] 
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separation between the Fraunhofer lines increases also, but 
by no means proportionally. Fig. 32 exhibits the various 
dispersive powers of flint-glass, crown-glass, and water. If 
the spectrum of the flint-glass prism was exactly twice the 
length of that of the crown-glass prism, the distance between 
any two dark lines, F and B for instance, will not be exactly 
twice as great in the one spectrum as in the other. The 
crown-glass spectrum is longer than the water spectrum, 


but the various divisions formed by the Fraunhofer lines 


oJ 
D 


Flintglass 
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BC D F 





Solar Spectrum with Prisms of Flint-Glass, Crown-Glass, and Water. 


have not increased in equal proportions. In the water 
spectrum F B=FH, while in the crown-glass spectrum F B 
is somewhat smaller than F H; by the latter prism, there- 
fore, the blue and violet end is rather further extended 
comparison with the red and yellow end than by the water 
prism. 

This difference is still more obvious in comparing the two 
spectra formed by the water and the flint-glass prisms with 
an equal deviation of the light corresponding to the line B; 


the difference in the proportion of FBto FH is smaller 
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in the flint-glass spectrum than in the water spectrum, 
and this difference is more apparent than in the crown- 
glass spectrum. 

It would be, therefore, an error to take for granted that 
the distances between individual dark lines in the spectrum * 
change in exactly the same proportion as the entire length 
of the spectrum. Even if the dispersive power of a sub- 
stance is known for the extreme rays, or for the lines B 
and H, the amount of separation between the intervening 
lines of the spectrum cannot be deduced from it; the 
relative position of these lines must be specially ascertained 
for each refracting substancee. An accurate knowledge of 
the particular conditions of the spectrum apparatus employed 
must therefore be acquired by every observer before any 
value can be given to the results of observations made 
with it; he must become familiar with the precise places of 
all the chief lines and groups of lines seen in the solar 
spectrum, so that in the examination of any particular line, 
whether in the spectrum of a terrestrial substance or of a 
heavenly body, he may know, at least approximately, to 
which Fraunhofer line it lies nearest. 


22. InDIcES OF REFRACTION AND AMOUNT OF DISPERSION FOR 
THE MOST PROMINENT FRAUNHOFER Lines. 


Before the discovery of the Fraunhofer lines, the indices 
of refraction for the various coloured rays could only be 
approximately ascertained by estimations from the yellow— 
the central portion—of the spectrum ; but at present the 
dark lines afford an easy means of determining the index 
of refraction for every part in the spectrum. Many of these 
measures were made with great exactness by Fraunhofer, 


* [When the prisms are formed of different materials. ] 
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but since his day more refined researches have been carried 
out by many other physicists. 

In Appendix C will be found a table giving the index 
of refraction for several substances, both solid and liquid, as 
measured by the chief Fraunhofer lines. 


23. THE CoNnTINnuous SPECTRA OF SoLID AND LiQuID 
Bonies. 


When the carbon points used for the production of the 
electric light are carefully prepared, and completely free from 
all extraneous substances, the light is purely white. The 
spectrum of this light is, therefore, continuous, unbroken by 
gaps or by sudden transitions from one colour to another, 
and is uninterrupted by either dark or bright bands.* 

All solid or liquid incandescent bodies give similar spectra, 
the colours being distributed in the order represented in 
Plate XIV., No. ı, with this difference—that the various 
groups of colour are not always distributed in exactly 
the same proportion, and therefore some one tint pre- 
dominates. 

It is only in very rare instances that incandescent solid 
substances emit an isolated set of coloured rays with any 
pre-eminent strength, though such seems to be the case 
with the very rare substance Erbia. It may therefore be 
considered that, as a rule, where there is a contınuous 
spectrum without gaps, aud containing every shade of colour, 
the light is derived from an incandescent sohd or liquid 
body. 

This important law was first announced in 1847 by 
Professor J. W. Draper, of New York. He laid down the 


* [It is impossible as yet to get carbons perfectly free from 
impurities, and the continuity of the spectrum is much marred by 
the bands of lines due to carbon vapour.] 
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following propositions—that all solid and probably also all 
liquid bodies become incandescent at the same tempera- 
ture, and are of a red heat ‚at about 525° C,; that the 
spectrum of an incandescent solid body is continuous, inter- 
rupted neither by bright nor dark lines; that the rays given 
out by a substance at any ordinary temperature or up to 
525° C. make no sensible impression upon the eye; and that 
all substances at that temperature begin to send out visible 
rays, at first rays only of a dark red, to which are constantly 
added, as the temperature rises, new rays of increasing re- 
frangibility, the united effect of which is a continual increase 
in brilliancy. 

Kirchhoff has since expressed this proposition in similar 
terms, as follows :—“ When any substance—-as, for instance, 
a piece of platinum wire—is heated gradually, it emits up to 
a certain temperature rays of a wave-length greater than 
any visible ray. At a certain temperature rays of a wave- 
length, answering to extreme red, begin to show themselves ; 
as the temperature increases rays of shorter wave-length 
are added, so that for every advance in temperature there 
is an addition of rays of a corresponding wave-length, 
while at the same time the rays of greater wave-length 
gain in"intensity. „ 4. . The suiensity of the rays of 
certain wave-lengths given out at the same temperature 
by different substances may however differ very con- 
siderably.” 

An acquaintance with the laws of the emission of light 
is of the highest importance in spectrum analysis; for if 
rightly interpreted, the light emitted by any substance 
reveals not only the nature of the substance, but also its 


temperature. 
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24. THE SPECTRA OF VAPOURS AND GAsES. 


A spectrum of a different kind is obtained if the source 
of light is a vapour or a gas in a glowing state. Instead 
of a continuous and blended succession of colours, the 
spectrum consists of a series of distinct bright-coloured 
bands, separated one from another by dark spaces. 

As gases and vapours in a luminous state emit much less 
light than solid bodies, the exhibition of these spectra before 
a large audience is restricted to those of greatest brillianey— 
such as are yielded by the vapours of copper, zinc, brass, 
silver, cadmium, sodium, thallium, etc. 

Although the oxyhydrogen flame, from its feeble juminosity, 
is suitable for these experiments, yet the electric lamp is 
better adapted to the purpose, as in the greater heat of the 
latter substances are more readily volatilized, and are also 
brought to a higher state of luminosity. For the exhibition 
of these spectra, the apparatus described in $ IS and drawn 
in Fig. 27 is employed. The lower carbon pole of the lamp 
is replaced by a half-inch cylinder of pure carbon, the upper 
end of which is slightly hollowed, and fixed in the focus 
of the lantern lens. In this hollow is laid a piece of zinc 
the size of a pea, and the upper pole is brought down in 
contact with it, when the electric current instantly volatilizes 
the zinc. If the upper carbon pole is now so far withdrawn 
as to allow the zinc vapour to form an arc of flame, not the 
spectrum of incandescent zinc, but that of its vapour, will be 
seen on the screen. This spectrum differs essentially from 
the continuous spectrum already described ; it broadly con- 
sists only of one red and three very beautiful bright blue 
bands. 

If the carbon contaminated by the zinc is replaced by a 
fresh cylinder, in the cavity of which is placed a piece of 
copper, the spectrum will be found to consist of three 
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bright bands in the green. If the same experiment is 
made with brass (an alloy of zince and copper), the spec- 
trum will be a compound one, consisting of the super- 
posed spectra of the two metals. 

To avoid changing the lower 


Pie 33 carbon cylinder a lamp has been 
N contrived by Ruhmkorff, shown 
ah) in Fig. 33, in which six carbon 


cylinders are arranged in a circle 
upon a small plate revolving upon 
the carrier G, in such a manner 
that any one of them may be 
brought under the carbon cylinder 
o. This cylinder can be adjusted 
by the screw db, and the whole of 
the lamp raised or lowered by the 
SCreW a. 

Very beautiful and character- 
istic spectra may be similarly ob- 














tained from silver and thallium. 


u Ir 





however, both these metals 
are placed upon the carbon at 
the same time and volatilized, the 
two lines in the green of the 
silver are overpowered by the 





intenser green line of the thal- 


lium, which lies between them, 




















all > and these only recover their full 
Ruhmkorff’s Electric Lamp. intensity after the thallium lines 

have disappeared. This is due 
to the different resistance encountered by the current 
in passing from one carbon to the other. The greater it 
is, the higher is the temperature of the arc: when the 
resistance is small the heat produced is not great. The 
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thallium melting at a low temperature is quickly volatilized, 


and the presence of the vapour immediately lessens the 


resistance in the arc, and consequently lowers the tempera- 
ture to such an extent that the silver is not volatilized. 
When the thallium is nearly burnt out, the resistance to the 
current rapidly increases, and the temperature is thereby 
so considerably raised that the silver becomes volatilized. 

The characteristic feature of spectra obtained from luminous 
vapours or gases is the want of continuity in the succession 
of the colours. Such a spectrum being composed of isolated 
coloured bands, irregularly arranged, and separated by dark 
spaces, is therefore called a discontinuous spectrum, a bright 
line spectrum, or a vapour spectrum. 

In the coloured plate (Plate XIV.), Nos. 2, 3, 4, and 
5 give the spectra of the vapours of sodium, magnesium, 
chloride of strontium, and hydrogen under great pressure. 
No. 6 gives the spectrum of the vapour of hydrogen under a 
low pressure. They exhibit at a glance the great difference 
that exists between the continuous spectrum (No. I) of 
incandescent solid and liquid bodies and the discontinuous 
spectra of gases. The vapour of sodium (No. 2) under 
ordinary circumstances, and when not exposed to an ex- 
tremely high temperature, gives a spectrum consisting only 
of one bright orange line shown to be double by the use 
of sufficient dispersive power.* The spectrum of luminous 
magnesium vapour (No. 3) consists of very brilliant isolated 
green and blue lines; but the spectrum of chloride of 
strontium is much more complete, and it may serve as an 
example of the spectrum of a compound substance. The 
fine lines in the blue green belong solely to the metal 
strontium, the broad stripes or channelled spaces to the 
compound substance, chloride of strontium. 

We have seen in the case of brass that when two metals 


* [There are two other lines in the infra red of the spectrum. ] 


si 
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are in combination the spectrum yielded is a compound one, 
consisting of that of each metal superposed. But this is 
not the case when a metal is in combination with a non- 
metallic substance such as common salt, a compound of 
chlorine and sodium. If salt is volatilized, the spectrum 
obtained is merely that of sodium, in which no trace appears 
of the characteristic spectrum of chlorine. The spectra of 
the vapours of metals invariably overpower that of any 
non-metallic substance with which 
Fıc. 34. they may be in combination, but 
= where several metals are volati- 
lized at the same time, the spec- 
trum of each metal asserts itself, 
and can be recognised in the com- 
pound spectrum produced. 

It has recently been ascertained 
that the spectra of metals can be 
produced at a much lower tempera- 
ture if the metals are first reduced 
to the form of metallic salts. In 





this condition an oxyhydrogen gas 























flame is sufficient for the purpose. 























The lamp devised by Edelmann, 


























 Okoren who was the Arst to employ this 
Gas-Lamp. method, is given in Fig. 34. It 
consists of a vertical double tube, 

the outer one H for the supply of ordinary gas, the inner 
one O for the supply of oxygen. By the disc / this double 
tube is attached to the iron pillar S, which can be raised 
or lowered at pleasure. On the end of the tubes is fixed 
a nozzle kA for the reception of a hollow cone of char- 
coal, the inside of which is smeared with a paste com- 
posed of the salts of the metal to be observed, rubbed down 


smooth in a mortar, and mixed with picric acid, ammonia, 
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and alcohol. It will be necessary to prepare as many of 
such carbons as there are spectra to be exhibited. The 
lamp is so constructed as to fit into the lantern shown in 
Fig. 12, which allows of the flame being placed in the focus 
of the lenses. The same care must be taken in lighting the 
flame as with the ordinary oxyhydrogen lamp described in $ 4. 


25. THE SIMPLE SPECTROSCOPE. 


Every spectrum apparatus or spectroscope, exclusive of the 
source of light, is composed of an adjustable slit, a collimating 
lens for rendering the rays parallel that have passed through 
the slit, and a prism. In order to exclude all light from the 
prism—all light except that under examination—the slit, 





The Simple Spectroscope. 


lenses, and prism are enclosed in a tube, or if the prism 
be too large, the latter is fitted with a separate cover. 
Such an arrangement is shown in Fig. 35. As the spectrum 
‘on emerging from the prism is too small for examination, it 
is viewed through a telescope of moderate power. 

It has been already mentioned that the coloured rays com- 
posing the spectrum form an angle with the incident rays as 
they enter the prism. It is therefore necessary, in observing 
the spectrum, that the tube of the telescope directed to the 
outer surface of the prism should be placed in a different 
direction from the tube carrying the slit and the lens. The 
light emitted from L, after passing through the slit s and 
the collimating lens /, reaches the prism ? in parallel rays; 


PIE NED, m 


79 SPECTRUM ANALYSIS. 


it is there refracted as well as decomposed, whereby the 
spectrum S is seen through the telescope F in a direction 
different from that of the tube s /, 

The prism in a spectroscope is usually so arranged that 
the brightest rays in the yellow have the minimum devia- 
tion. Should this not be the case, a readjustment may be 
accomplished in the following manner. Let the telescope F 
(Fig. 37) first be so placed that the observer can see 
distinctly a very distant object—a fixed star, for instance ; 
then let it be attached to the apparatus in such a manner that 
its axis shall be parallel to that of the tube /s carrying the 
slit.. The prism 5 should now be removed, and the slit s 
examined through the telescope. Ifthe edges of the slit do 
not appear sharp, the tube carrying the slit plate s must be 
pushed in or out of the collimator tube / until they become 
well defined.* The prism must then be placed between the 
tubes at such an inclination as that the refracting edge is 
perpendicular to the axis common to both tubes ; the length 
of the slit must also lie in the same direction. Finally the 
prism must be so placed that the parallel rays falling upon 
it from the collimating lens strike the whole surface of the 
prism at the angle of minimum deviation of the central yellow 


* [This method of adjusting the telescope and collimator answers 
fairly well when great delicacy of adjustment is not required. It 
has already been stated that different coloured rays are differently 
refracted ; hence the collimating lens by the above adjustment will 
not make all the rays parallel. They will only be strictly parallel 
for one or two colours, the latter being the case when the lens is 
achromatized by a combination of two lenses of different materials— 
such as one of flint and the other of crown glass. For accurate 
definition the collimator should be focussed for each ray, and the 
telescope then focussed in the ordinary manner. Mr. Grubb, of 
Dublin, has introduced a form of spectroscope in which the telescope 
objective and that of the collimator are of equal focal length, and an 
alteration in the focus of the telescope also axfomatrcally alters the 
focus of the collimator. ] 
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ray *—the light of sodium, for instance, a position which 
with a little practice may be easily secured by the twisting 


of the prism and the telescope. 


26. THE DiRECT-vIsIon SPECTROSCOPE. 


In the arrangement just described, it is not easy at once to 
find the spectrum, as the eye cannot be directed straight 
at the light. It would therefore be more convenient if the 
slit, lens, prism, and telescope were all in a straight line, 
so that the instrument could be directed like a telescope 


to the light to be examined, and the spectrum observed. 


Fıc. 36. 





Neutralization of Refraction and Dispersion. 


If two prisms A and B (Fig. 36), of similar composition 
>09 

and equal refracting angle, are placed in reversed positions, 

the incident ray E, of white light, will be refracted by the 


first prism A, and decomposed into its coloured rays; the 


* [The green ray is often taken instead of the yellow ray. We 
may remark, however, that there is no special reason to place the 
prism at the angle of minimum deviation when a collimating lens is 
used; that was necessary in the early methods of forming spectra. 
It frequently happens that the definition of a prism is better when 


some other ray is chosen for minimum deviation. ] 


72 SPACTIRUM ANAZYSIS. 


second prism B, however, which refracts in an opposite 
direction, destroys the first deviation, and reunites the 
ineident coloured rays into a single emergent ray F. If the 
ray F is received upon a screen, a white image, tinged at 
the upper edge with red, and at the lower with violet light, 
will be seen, because at the extreme edges of the image 
the colours are not superposed. In this case the second 
prism B has neutralized both the deviation and the dispersion 
of the first prism, and the action of this system of prisms is 
very nearly the same as that of a thick piece of glass with 
parallel sides. 

Now if the dispersive power of a prism varied in the same 
































Amici’'s Direct-vision System of Prisms. 


proportion as its power of refraction, then whatever the kind 
of glass employed for the prisms placed as in Fig. 36, and 
whatever their refracting angles, when they were so placed 
as to neutralize deviation, their dispersion and consequent 
capability of forming a spectrum would be also destroyed. 
In other words, the formation of a spectrum would always 
be connected with the deviation of light from its incident 
course, and it would not be possible by means of any 
system of prisms to receive the spectrum of a luminous 
object—for example, a flame or a star—in a straight line. 

In reality, however, this is not the case. The dispersive 
power of various kinds of prisms is not, as we have seen in 
$ 20, in equal proportion to the refractive power ; a flint-glass 


prism, for instance, gives with an equal amount of deviation 


THRB°.DIRBCIT-EISION SPECTROSCOPE,. 


—T 
Oo 


of the central rays a spectrum of much greater length than 
can be obtained from one of crown glass. It is therefore 
possible so to combine two prisms of different refracting 
angles, one of flint and the other of crown glass, that the 
deviation of the incident rays shall be entirely eliminated, 
while the greater dispersive power of the flint glass only 
partially destroys that of the crown glass, and consequently 
a spectrum is formed by the remaining rays. If a bright 
object is viewed directly through such a system of prisms, 
its spectrum will be seen in the line of sight; the colours 
will not be so widely dispersed, nor will the spectrum be 
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Fıc. 38. 





































































































































































































































































































































































































Herschel’s Direct-vision Prism. 


so long as would be the case were the object looked at in an 
oblique direction through the flint-glass prism alone. 

Compound prisms of this kind, or more especially systems 
of prisms which show a spectrum when held in a straight 
line between the source of light and the observer’s eye, are 
called direct-visıon prisms. 

Such an arrangement of the spectroscope was approxi- 
mately accomplished by Amici, in 1860 (Fig. 37), by a 
judicious combination of two crown-glass prisms with a third 
prism of flint glass of 90° interposed. By this construction 
the rays of mean refrangibility suffer no deviation, so that 


a luminous object may be directly viewed, and a spectrum 
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obtained, since the dispersion produced by the flint-glass 
prism in one direction is greater than that produced by the 
two crown-glass prisms in the opposite direction. 

Fig. 38 exhibits another form of direct-vision prism, 
contrived by Professor A. Herschel for the observation of 
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Janssen-Hofmann'’s Direct-vision Spectroscope. 


meteors. The ray of light E undergoes two total reflections 
from the-inner surfaces of the prism before it emerges from 
itiin the form of the spectrum F, in a direction parallel to E. 
Upon the same principle other compound prisms have been 
devised, but great difficulties attend their construction, as 
every surface is in action, and extreme accuracy is required 


in the angles a and c. 


TER DIRBET-EISION SPECTROSCOPE. TI 


Janssen, by adopting Amici’s construction, has produced 
a direct-vision spectroscope, yielding spectra of great length 
and purity. It has the appearance of an ordinary telescope 
(Fig. 39), and can either be held in the hand or placed upon 
a small revolving stand. The optical parts are shown in 
the drawing above the instrument, in the same positions 
that they occupy within the tube. In the front, which is 
directed towards the source of light, is the slit S, formed of 
two steel edges, which can be easily widened or contracted 
by means of the screw V and an opposing spring. AtL 
the collimating lens /is inserted, by which the rays diverg- 
ing from the slit S are rendered parallel, and thrown upon 


Fic. 40. 































































































































































































































































































Janssen’s Direct-vision System of Prisms. 


the five prisms 5. Of these, which are drawn in detail ın 
Fig. 40, the first, third, and fifth are of crown glass, while 
the second and fourth are of flint glass, and they form so 
perfect a system from the accurate adjustment of the angles 
of the prisms, that the emergent central coloured. rays F 
have precisely the same direction as the incident rays E, and 
therefore pass in a straight line through the tube LGM O, 
in which the compound prisms occupy the space between L 
and G. The lenses a’ and a behind G form the object-glass ; 
o’ and o in the small sliding tube O, the eyepiece of the 
telescope through which the spectrum is observed. Larger 
spectroscopes on the same principle are now much in use. 


[A very convenient form of direct-vision spectroscope is 
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shown in Fig. 4I, where the compound prism, such as 
Fig. 40, is enclosed in a tube A which is terminated at the 
end by a lens L’, and at the other by an opening E at which 
the eye is placed. The tube A slides into a second tube B, 
which carries an adjustable slit S. So far this constitutes 
the ordinary form of pocket spectroscope, the spectroscope 
being directed towards any luminous source, and focus is 
obtained by sliding the tube A in tube B till the Fraunhofer 
lines, or other bright vapour lines, such as sodium, are 
seen sharply defined when the slit is narrowed. A capital 
addition to such a spectroscope is another slide tube C, 
carrying a lens L” of short focus, which is so adjusted 
as to throw the image of any object on the slit S. By this 


Fıc. 41. 





Convenient Form of Pocket Spectroscope, 


means the light from any coloured object, or from different 
parts of a cloud, for instance, can be examined ; whereas in 
the ordinary form merely the general light coming in any 
particular direction is examined. Any spectroscope where 
this addition is made, the spectroscope is usually called an 
analysing spectroscope ; the usual form is called an in- 
tegrating spectroscope. | 


27: MopE oF MEASURING THE DISTANCES BETWEEN THE 
Lines OF THE SPECTRUM. 


The exact position and relative distances of the lines of 
a spectrum are data of the utmost importance, since on 
them depends the identification of spectra, and in some 
instances some lines of one spectrum approach so near to 
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those of another that the greatest precision of measurement 
is necessary for determining to which spectrum they belong. 

Under similar conditions the number and relative position 
of the spectrum lines of a substance are invariably the same, 
but their apparent position varies with any change in the 
details of the spectrum apparatus— whether it be in the 
refracting angle of the prisms, their dispersive power, or 
even the size of the telescope. On this account it is requisite 
to have some means of measuring the distance of the indi- 
vidual lines one from the other, and of determining their 
relative positions. 





Graduated Scale in Spectroscope. 


The simplest method of accomplishing this is by the 
addition of a third tube S (Fig. 42) carrying a millimetre 
scale »n, photographed on glass, the image of which by 
means of the light K is thrown upon the prism surface at 
n, whence it is reflected through the axis of the telescope 
F, and is seen simultaneously with the spectrum to be 
observed... The reading of the scale is facilitated by adjust- 
ing the scale m so as to bring one of the divisions—for 
instance, T0O0—into coincidence with any of the Fraunhofer 
lines. As the divisions are arbitrary, the measures can only 
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be compared with one another when the value of the 
divisions has been determined by a comparison with the 
Fraunhofer lines as seen in the same instrument. It will 
readily be understood that only a small portion of the 
spectrum can be clearly seen at the same time with the 
divisions of the scale. 

Under ordinary circumstances the spectroscope is not often 
required to determine the absolute position of any line in 
the spectrum ; but it is very necessary to have an easy 
method of ascertaining its relative position with regard to 
any other known line. For this purpose the arrangement 
just described is all that can be desired, and it is not 
only applicable to large instruments, but to even the smallest 
miniature spectroscope. 

When the spectrum to be examined is faint, as in the case 
of a star, and the lines are in danger of being overpowered 
by the comparatively bright lines of the scale, a black paper 
millimetre scale may be substituted with the divisions 
marked in white. If this is illuminated by a side lamp 
screened from the spectroscope, the pale image of the scale 
is seen projected on to the spectrum. If the investigation is 
directed to a single line or to two close faint lines, the scale, 
whether of glass or of paper, should be partially covered, so 
as to allow only that portion of the image to reach the eye- 
piece which lies over the part under observation. 

In the well-known tables of the spectra of terrestrial 
substances constructed by Kirchhoff and Bunsen, an arbitrary 
scale was employed in which the value of the Fraunhofer 


lines was as follows :— 


A=17'5 Gmn5% 
B = 28°0 F= 896 
C= 340 G = 127'5 
D = 50'0 H = 161°8 
E = 710 H,= 166°0 
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A contrivance preferable to any scale is that by which a 
sharply-defined mark is made to travel along the spectrum, 
and the amount of motion measured by a micrometer. This 
consists of a sliding plate a (Fig. 43), provided with a slit or 
fine metal wire, travelling on an underplate d d, the motion 
being regulated by an exceedingly fine screw d, the head c 
of which is engraved as in a divided circle. In order 
to measure the amount of motion, the value of a screw- 
thread must be ascertained, and the screw-head c be so 
divided as to mark off parts of an entire revolution. If 
for instance, one revolution of the screw is half a millimetre 


in value, and the circumference of the screw-head c is 


FiG. 42. 
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Micrometer for Measuring the Distances between the Lines. 


divided into fifty equal parts, the displacement of the mark 
by a complete revolution of the screw amounts to half a 
millimetre ; consequently a displacement amounting to one 
division of the screw-head is equivalent to „4, of a milli- 
metre. Parts of a revolution are read off at z, while the 
complete revolutions are registered by the indicator on the 
slide a. 

A third method of measurement consists in giving a 
motion to the slit, by which the spectrum is moved in 
front of a fixed mark. 

' Another method frequently adopted is by registering the 
radial motion of a telescope, furnished with a mark such 


as cross-wires or a line of light. A spectroscope of this 
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construction is shown in Fig. 44. The collimator tube 
(to the left) is fixed; the observing telescope with the 
cross-wires travels upon an arc round the divided circle, 
so that it can be directed upon any portion of the spec- 
trum, and the angular displacement read off. In this way 
the distance of one line from another is measured in 
degrees and minutes by the angle of their separation. 


For any given instrument it is easy to calculate the 
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Spectroscope with two Prisms for Measuring the Distances 
between the Lines. 


distance between the lines from the angles measured ; 
and when comparisons are required with other instru- 
ments, the true values may be found by comparing the 
readings of the instrument with the true position of the 
Fraunhofer lines. 

In many instances the employment of dark measuring 
marks, such as cross-wires, or glass, or metallic grating, 
is inconvenient, as from their want of light they do not 


sufficiently stand out from the spectrum; and when arti- 
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ficially illuminated, their brightness interferes with the 
brightness of the spectrum. A line of light is much more 
efficient, as its intensity can be regulated according to the 
degree of brightness of the lines to be measured. Such 
a line is ingeniously furnished by the arrangement sketched 
in Fig. 45, the chief feature of which is the small glass 
plate P (Fig. 45a), which is about 0°4 inch in width, and 
less than z, inch in thickness, and the underside of which 
is sloped off at an angle of 45°. With the exception of 


the upper surface, the plate is made impervious to light by 


FIG. 45a. Fıc. 45. 
























































Spectroscope with Line of Light for Measuring the Distances between 
the Lines. 


being silvered ; and upon the front edge a narrow line is cut 
through the silvering. If a ray of light falls perpendicularly 
upon the upper unsilvered surface in the direction of the 
arrow 2, it passes unrefracted through the glass, and, 
being reflected from its slanting surface, emerges through 
the narrow line in the direction 3. 

In Fig. 455 is shown the position of the small glass 
plate P in the spectroscope R R, immediately behind the 
eyepiece O O, and the method of illumination by the mirror 
S. The glass plate is fixed into the short brass tube u, 
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and projects into the spectroscope only so far as to allow 
the point of the line of light to be visible over the spec- 
trum. The ring £ carrying the axis of the small mirror 
turns upon the tube z, while the mirror revolves upon 
an axis of its own. By this double motion it is possible 


to give any degree of intensity to the line of light, which, 
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The Complete Spectroscope. 


as will be seen, takes the direction I, 2, 3, while the 
spectrum reaches the eye in the direction 4. 

The line of light being stationary, it is requisite that 
the portion of the spectrum. to be examined be made to 
traverse this line, either by the revolution of the prism or 


the displacement of the slit. 
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28. THE COMPLETE SPECTROSCOPE. 


The reader is now in a position to understand the use of 
the various parts of a complete spectrum apparatus, such 
as that constructed by Kirchhoff and Bunsen, and shown 
in Fig. 46. The eye of the observer is placed in the axis 
of the telescope, directed to that surface of the prism from 
which the dispersed light emerges to form the spectrum. 


The opposite surface of the prism receives as parallel rays 


FıG. 47. 




































































































































































Improved Complete Spectroscope. 


the light emitted from the source which comes through the 
slit and collimating lens. At the side of the observer is the 
tube, carrying the illuminated scale, or the micrometer screw 
for* determining the position of any line. A spectroscope on 
the same principle, but furnished with modern improvements, 
is shown in Fig. 47. The three chief parts—the collimator 
tube C, with its adjustable slit S; the observing telescope E: 
and the micrometer tube A, with its movable scale—are 
each inserted into a central brass box, containing the prism. 
This is placed vertically upon an adjustable platform, and 
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when greater dispersive power is needed, it can readily 
be removed, and replaced by one of bisulphide of carbon. 
The cover D serves to exclude all side light. The col- 
limator tube C is permanently fastened to the box, but 
the two other tubes, F and A, are capable of a gradual 
movement in a horizontal plane by means of the screws 
fand.a. By reversing the screws, the pressure of spiral 
springs brings the tubes backwards by an equally gradual 
movement. The motion of the telescope is necessary in 
order to bring the cross-wire upon any portion of the 
spectrum, while the motion of the micrometer tube A is 
to enable the observer to place any division of the scale in 


Fıc. 48. 





The Comparison Prism, or Reflecting Prism. 


accurate coincidence with some fiducial line of the spectrum 
from which to start the measurements. For the illumination 
of the scale, a candle or gas-burner is placed at A, or, when 
reflected light is needed, a plane mirror, movable in all 
directions, may be adapted. An adjustable platform bed 
is suspended from the collimator tube, on which cells con- 
taining liquids may be placed in front of the slit for the 
study of absorption phenomena. 


29. CoMPARISON PRISM, OR REFLECTING Prism. 


Although accurate maps, drawn to scale, of the spectra 
of various substances have been constructed (Plate XIV.), 
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in 


which form a valuable standard of comparison, yet their 
practical use is attended with many difficulties. A simple 
and more trustworthy method is that adopted by Kirchhoff 
(Fig. 48), by which the upper half of the slit alone is 
employed for forming the spectrum to be examined, the 
lower half being covered by a small equilateral prism 
a b, by which a second comparison spectrum can be 
formed. 

A reference to Fig. 49 will explain this arrange- 
ment. F is the source of light whence the rays pass 
through the upper half of the slit and form a spectrum 
in the lower half of the field of view. At one side, and 
level with the prism, the flame L is I 
placed, in which the substance is oF 
volatilized, the spectrum of which is 
needed for comparison. The rays 
from L, falling at right angles on the 
surface d f, will be totally reflected 
as by a mirror from the surface d c 
at the point 7, and will emerge from 
the prism in the direction r s, pass 





at s through the lower half of the 
slit, and fall in the direction s Z, on 
the lower half of the principal prism, in the same manner 


The Comparison Prism. 


as the rays from F fell on the upper half.* In this way 
the spectra o and x of the two flames F and L are seen 
in juxtaposition in the same field of view as shown in 
Fig. 50, where, for greater clearness, they are represented 
as thrown upon a screen. In reality, as the spectra o and u 


* [The light passing through each half of the slit is not restricted 
to the corresponding part of the prism, but since it consists of 
diverging rays, spreads itself over the collimating lens and then 
passes through the prism as a beam of parallel rays of the same 
diameter as the lens. ] 
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are viewed through a telescope, their positions are re- 
versed. If the same substance is volatilized in the two 
flames F and L, the corresponding lines of one spectrum 
should fall in exact prolongation of those of the other, 
as the two pencils of rays have the same constitution 
and should produce precisely similar spectra, the width of 
slit, the prism, and the position of the telescope being the 
same. 

In doubtful cases therefore, if a small quantity of the 


suspected substance be volatilized in the second flame, its 


F1G. 50. 






































The Double Spectrum. 


presence will at once be proved by the complete coincidence 
of the lines in the spectrum. The extreme delicacy ot this 
test renders it one of the most important processes in 
spectrum analysis. 

For the ready comparison of various spectra, it ıs con- 
venient to have at hand the means of producing the spectra 
of known elements. Such are given by saturating the wicks 
of small wax or tallow candles with the various metallic 
compounds of chlorine. 

When great accuracy is required in the comparison of two 


spectra, the reflecting prism must only be used after the 
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absolute truth of its surfaces has been satisfactorily tested, 
and even then various precautions are necessary, which form 
obstacles to its employment. On this account Dr. Huggins, 
in his researches on the spectra of nebulae and fixed stars, 
associated with the reflecting prism a silvered mirror by 
which the light of the terrestrial substance was also re- 
flected into the slit. He thus produced /wo spectra, one 
above and the other beneath the stellar spectrum, which 
they both slightly overlapped, and by this means greatly 
facilitated the comparison of the lines. It is, however, 
always safest to throw the light from the terrestrial sub- 
stance direct into one half of the slit, without reflection, 
an arrangement adopted by Dr. Huggins in his extremely 
delicate observations on the spectra of nebula. 


30. THE CoMPoUND SPECTROSCOPE. 

Traın oF PRrısus. 
. A spectroscope is termed compound when it consists 
of several prisms, or trains of prisms. The position of the 
prisms is a matter of importance, as the purity of a spectrum 
depends upon each prism being placed in the angle of 
minimum deviation for the portion of the spectrum under 
observation. To secure this the prisms must either be 
individually adjustable, or must be so connected that when 
one prism is placed in the position of minimum deviation 
for a given coloured ray, the others will also occupy a 
similar position.* 

Kirchhoff employed in his investigations on the solar 
spectrum an excellent apparatus constructed by Steinheil, 
of Munich, in which, instead of only one prism of flint glass, 

* [The necessity of placing prisms at their angle of minimum 
deviation when a collimata is used is overrated. The effect of a 
deviation from this position is to alter the breadth of the lines, and 


at the same time to proportionally alter the length of that part of 
the spectrum. ] 
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four such prisms were employed, and a telescope with a 
magnifying power of 40. Three of the prisms (Fig. 51) 
had refracting angles of 45°, and the fourth one of 60°. 
These four prisms were cemented on to small brass 
tripods and placed on a flat iron table. They could thus 
be easily adjusted to the position of minimum deviation 
for every ray under investigation. The tube A, which was 

























































































































































































































































































































































































































































































Kirchhoffl’s Spectroscope. 


directed towards the sun, carried the slit with the com- 
parison prism (Fig. 48); the telescope B, which received 
from the last prism the widely diverging rays of the solar 
spectrum, could be moved by means of a micrometer screw 
R, on a divided circle, so as to determine the distance 
between any of the dark lines in angular measure. 

This amount of dispersion has been, however, surpassed ; 
Thalen employed six flint-glass prisms, each having an 
angle of 60°; Gassiot went as far as eight, Merz even to 
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eleven prisms of glass, while Cooke made use of as many 


as nine prisms of bisulphide of carbon, and Donati even 
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Large Spectroscope of the Kew Observatory. 

















of 25 prisms of glass. Fig. 52 shows one of the largest 


spectroscopes yet made, used by Gassiot at the Kew 
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Observatory for the investigation and mapping of the solar 
spectrum. The tube A carries the collimating lens, the 
slit, and the comparison prism ; the nine prisms rest, as 
in Kirchhoff’s instrument, on small plates provided with 
levelling screws upon an iron table; B is a telescope of high 
magnifying power; C, a tube fitted with a scale. The thin 


slice of light entering the first prism from the slıt and colli- 





Path of the Ray through the Nine Prisms. 


mator tube A passes through the range of nine prisms, as 
shown in Fig. 53, and finally emerges from the last prism 
and enters the telescope B in the form of a widely dispersed 
beam. The prisms in this instrument are of the heaviest 
lead glass, having a specific gravity of 4'75, so that one 
such prism of 60° is equal to the four in Kirchhoff’s spec- 
troscope (Fig. 51).* The spectrum must evidently in such 


* [Very dense glass has the disadvantage of not being colourless. 


In lead glass the absorption of light due to this cause is almost 
wholly confined to the infra red and to the part of the spectrum 


more refrangible than F.] 


aa 
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an instrument be exceedingly extended, and but a very 
limited portion of it can be visible in the field of view of 
the telescope. In all such instruments, therefore, the tele- 
scope must either revolve round the plate on which the 
prisms rest, and the amount of motion be registered by 
a micrometer upon the divided edge of the circle, or the 
train of prisms must themselves revolve, so that any portion 
of the spectrum may be brought into the field of view. 

The prineiple of compound prisms has been advan- 
tageously introduced into the spectroscope, an example of 
which is given in Fig. 54, where a dense flint-glass prism 
is inserted between two small crown-glass prisms. If the 
central prism F of heavy flint glass has a refracting angle of 
from 90° to 100°, according to the nature KR 54. 
of the glass, the lateral crown-glass 
prisms C C should have an angle about 





one-fourth as great, and should be ce- 


F 
Composite Prism. 


mented on to the central prism, their 
bases being at the refracting edge. 
The dispersion thus obtained is equal to that of two single 
prisms of dense glass with an angle of 60°, while the 
amount of deviation scarcely exceeds that of a single prism. 
The loss of light is also less, for whereas in two single 
prisms there are four reflecting surfaces, there are but two 
in the compound prism, for the reflection from the cemented 
surfaces may be disregarded. The hard crown glass acts 
as a valuable shield to the softer but heavier glass. 

The most advantageous ar- 


Fıc. 55. 


rangement of such prisms is 
doubtless that devised by 
Rutherfurd (Fig. 55), which con- 
sists of five prisms cemented 
together ; the two which are darkly shaded in the drawing 
are of dense flint glass, with a refracting angle of 90°, while 





Rutherfurd’s Compound Prism. 
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the others in lighter shade are of crown glass. The dis- 
persive power of such a prism is nearly equal to that of 
three single flint-glass prisms of 60°, and the loss of light 


is sensibly less than with three ordinary prisms. 


31. TworoLp PAssAGE OF THE RAYS THROUGH THE PRISM. 
RETURN OF THE Rays. 

An important improvement has been introduced into the 

spectroscope by Littrow, of Vienna, by which the amount of 


dispersion can be doubled without an increase in the number 


Fıc. 56. 





Littrow's Combination of Prisms. 


of the prisms. After leaving the collimator the light passes 
through a train of four prisms, when, instead of emerging, 
it is by means of the reflecting surface of the fourth and 
last prism made to return and pass again through the train 
of prisms, whereby it becomes still further dispersed. The 
spectrum is received upon a prism of total reflection placed 
near the slit, by which it is directed into the field of view 
of the eye-piece. Fig. 56 exhibits this double course of 
rays through two prisms. S is the slit, P, and P, are the 
two prisms, P; a half-prism of similar size, the surface of 
which CD is silvered so as to act as a mirror. Eis the 


incident ray the path of which is marked through the prisms 
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up to the reflecting surface C D, whence the return path 
is indicated by the dotted lines. 

The inconvenience arising from the rays crossing one 
another in passing twice over the same course has been 
successfully combated by both Young and Lockyer, each 
working independently of the other. By the introduction 
of a right-angle isosceles prism, the rays in their first 
passage are thrown by reflection through the lower half of 
the prisms, and on their return they are, by a second reflec- 
tion, made to pass through the upper portion of the prisms. 

This device, as applied to a single prism P,, is shown in 
Fig. 57. The incident ray e emerging from the slit s and 
collimator tube C passes first through the prism P, in its 
upper half, and then enters the supplementary double reflecting 
prism R, from the upper surface a of which the rays, already 
somewhat dispersed, are reflected on the lower surface Öd, and 
thence again through the prism P, in its lower half, as in- 
dicated by thearrow heads. The refraction of the light by the 
prism is disregarded in the diagram. The amount of dis- 
persion having been by this means doubled, the spectrum on 
finally emerging from prism P, is received by the small 
reflecting prism 7, by which it is conducted into the 
telescope F. 


32. THE AUTOMATIC SPECTROSCOPE. 
[ 


An ingenious contrivance for maintaining a constant 
position of minimum deviation is to connect the prisms 
together by one corner of the base, by which means they are 
made to approach or recede automatically from a common 
centre at a uniform rate. Thus when the prisms are once 
fixed in the position of minimum deviation for any one 
colour, the same position for any other colour is readily 


secured. 
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Ordinary spectroscopes consisting of one or more prisms 
are usually adjusted by finding the minimum of deviation for 


the drightest rays,—those, for instance, situated between the 


Fıc. 57. 





Improved Combination of Prisms with Reflection. 

























































































yellow and the green,—tor each prism which is then perma- 
nently clamped to its supporting plate. There are, however, 
two objections to this arrangement. In the first place, only 


those rays for which the prisms are specially adjusted are 
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seen under the most favourable circumstances, because they 
only pass through each prism in a line parallel to the base. 
In the second place, since the last prism is immovable, while 
the telescope travels in an arc from one end of the spectrum 
to the other, the object-glass of the telescope receives the full 
light only when it is directed to the central part of the 
spectrum ; and, on the contrary, only a part of the light falls 
on the object-glass when the telescope is directed to either 
end of the spectrum. re 

Now it is easy to see that in observing the ends of the 
spectrum it is most important that the object-glass should 
receive the whole of the light, since it is just these terminal 
colours that have the least brillianey. This can only be 
accomplished by adjusting the prisms for the minimum of 
deviation for those rays which are under examination. 

Bunsen and Kirchhoff, therefore, in their investigations ot 
the solar spectrum, attached the prisms of their compound 
spectroscope (Fig. 51) to the ground-plate by means of 
movable supports, and altered the position of the prisms for 
every colour of the spectrum ; it is needless to remark that 
such an arrangement involved much trouble and inconvenience. 
Littrow’s contrivance obviated much of this inconvenience, but 
it was left to Browning to devise and construct an apparatus 
which for simplicity and accuracy leaves nothing to be 
desired ; to this instrument he has given the name of the 
automatic,spectroscope. 

As the name implies, the prisms are so connected with 
each other and with the telescope that, by directing the 
instrument on any particular colour, the prisms are simul- 
taneously and automatically adjusted for the minimum of 
deviation for that colour. 

Fig. 58 shows the arrangement of the various parts of the 
automatic spectroscope. Of the prisms, numbered from ı 
to 6, only the first is fastened to the ground-plate P P; the 
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others are connected to each other by hinges at the corners 
of the triangular metal holders forming the base. A metal 
rod a, provided with a slit, is attached to the middle of this 
base, by means of which each prism can move rounda central 
pin common to the whole set. The prisms are arranged in 
a circle round this pin, which again is fastened to a swallow- 
tailed movable bar ss about two inches in length, situated 





Automatıc Spectroscope. 


under the plate PP. If, therefore, the central pin is moved, 
the whole system of prisms moves with it, and the amount 
of motion communicated to each prism varies in proportion to 
its distance from the first prism, which is stationary ; if, 
for instance, the second prism moves I’, the third is moved 2°, 
the fourth 3°, the fifth 4°, and the sixth 5°. The tube of the 
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telescope B is fastened to a lever H, which is connected by a 
hinge with the last prism, No. 6. At the other end of this 
lever, or on the carrier of the telescope B, works the micro- 
meter screw M, by turning which the tube B can be directed 
upon any part of the spectrum issuing from prism 6.* This 
lever is so adjusted, that to whatever angle the telescope is 
turned, the amount of movement for the last prism is 
twice as great. The rays emerging from the middle of the 
last prism fall perpendicularly upon the centre of the object- 
glass of the telescope; the rays issuing from the collimator 
A, and falling upon the first stationary prism I, pass 
through each prism in a line parallel to its base, and arrive 
finally, on their emergence from the last prism, 6, in the 
direction of the optical axis of the telescope, whether it 
be directed upon the central or the terminal colours of the 
spectrum ; the object-glass is consequently always filled with 
light. As the tube B is turned towards any colour of the 
spectrum, the lever H sets at the same time all the prisms in 
motion, in such a manner that each adjusts itself to the 
minimum angle of deviation. FT 


33. SCHRÖDER’S SPECTROSCOPE. 


Where space is limited, the spectroscope constructed by 
Schröder for the Hamburg observatory is well adapted. 

The composite prism consists, as shown in Fig. 59, of two 
rectangular prisms, a,, a,, of dense glass in combination with 
three crown-glass prisms, d,, b,, and d,. The angles are so 
calculated that the ray c falls perpendicularly upon the 
lower part of the prism d,. The central ray of the spec- 
trum emerges from the prism d, in a direction perpendicular 

* [It is dangerous to trust to the angular movement of the tele- 


scope as an accurate measure of the distance between two lines, on 
account of mechanical imperfections which must exist. ] 


SI 
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to its surface, and enters the reflecting prism Ö,, whence 
it is sent back through the upper half of the compound 
prism. It emerges from d, also in a perpendicular direction, 
and enters the small reflecting prism d,, whence by double 
reflection it is conveyed into the telescope F, which is in a 
fixed position. 

By the axial motion of the reflecting prism b,, the whole of 
the spectrum may be brought successively into the field of 
view ; the addition of a micrometrical arrangement can easily 
beieffected. 

Fıc. 59. 
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Schröder’s Compound Prism. 


An instrument of this construction ofters the advantages 
of simplicity and handiness, and the loss of light either 
through absorption or reflection is inconsiderable. 


34. Tue REGISTRATION OF THE LINES OF THE SPECTRUM. 


In certain kinds of observation, such as those of a total 
solar eclipse or the investigation of very evanescent sub- 
stances, the phenomena are too fleeting to allow the regis- 
tration of the position and intensity of all the lines 
observed in the spectrum, either by means of the scale 
or by the micrometer screw. In such cases it is of great 
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assistance to have some arrangement by which the relative 
positions of the lines, as seen in the spectroscope, may be 
rapidly and exactly sketched on paper or scratched upon 
metal or glass. 

A very simple contrivance for this purpose has been 
devised by Dr. Huggins, consisting of a very delicate 
pointer fixed in the eye-piece and regulated by a coarse 
threaded screw, so as to travel rapidly over the whole length 
of the spectrum. By a special contrivance the observer is 
enabled at once to register the position of any line in the 
spectrum upon a band of paper. The pointer lies in the 
focus of the observing telescope, which is stationary ; but 
the eye-piece possesses a backwards and forwards motion by 
which any portion of the spectrum can be quickly brought 
into the centre of the field and placed above the pointer. 
An arm is connected with the pointer by a lever which 
carries two fine needles that move about two inches when 
the pointer is carried from one end of the spectrum to the 
other. A strip of paper, stretched over a frame, which 
can be plaeed successively in five different positions along 
the spectrum, is placed beneath these needles. When the 
arm is pressed down, the needles make a prick in the paper; 
. and by moving the frame the position of the paper under 
the needles may be changed five times, and each portion 
used for the registration of a different spectrum. 

To record the position of a line, one hand brings the 
pointer, by means of a screw, upon the spectrum line that 
is to be registered, and the other presses the needles, 
making a prick in the paper. The more intense lines are in- 
dicated by both needles making pricks, one under the other. 
After repeated trials, it has been proved that by this con- 
trivance from ten to twelve Fraunhofer lines may be 
registered in about fifteen seconds, and that if the same 
line has been recorded five times in succession upon the 
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same sheet of paper, no perceptible variation is discoverable 
in its position in the five spectra. This contrivance is 
therefore specially advantageous when comparing the rela- 
tive positions of the individual lines in the spectra of various 
substances. 

Professor Winlock, when observing the total eclipse of 
the sun of December 22nd, 1870, made use of a method 
of registration in which the position of the lines of the 
spectrum, as seen in the telescope, was marked upon a 
plate of silvered copper. 


35. THE WAVvE-LENGTHS : ABNORMAL DISPERSION. 


It has already been pointed out—$ 15—that while the 
velocity of the waves of light in the free ether of space is the 
same for all colours, yet that in passing through a refracting 
medium the velocity for the different coloured rays varies 
according to the difference in their wave-length, and that 
this was due to the action of the material molecules upon the 
ether molecules. It was found that when passing through 
a refracting medium the rays of shortest wave-length were 
more retarded, as a rule, than were those of greater wave- 
length. The rays therefore of shortest wave-length—in 
other words, the waves of most rapid vibration — are 
characterized by their greater deviation, and consequently 
their greater retardation in passing through a refracting 
medium. 

To ascertain the number of vibrations of a ray of light, — 
that is to say, the number of the oscillations of a molecule of 
ether in one second,—the speed of propagation must be 
divided by the wave-length ; therefore if X be the wave- 
length, » the number of vibrations, and c the velocity, then 
the equation is alwaysn =c-#\. 

When a ray of homogeneous light passes from one medium 








THE WAVE-LENGIHS. 101 


to another, Zhe number of vibrations remains the same, but a 
change takes place in the wave-length and in the speed ot 
propagation. The characteristic of a ray which produces 
the sensation of colour is therefore neither the wave-length 
nor the speed of propagation, but the number of the vibra- 
tions beating upon the retina of the eye, and this is not 
affected by the passage of a ray from one medium to 
another. 

If the passage of a ray of light through the air be repre- 
sented by the foregoing quantities c, A, », and the speed of 
propagation and wave-length of the same ray when passing 
through another refracting substance be represented by c, 
and X,, then for this latter medium the equation will also be 


n = and therefore y=A 2. The proportion -“.of velocity 
1 c Er 


in the two media is, however, nothing more than the co- 
efficient of refraction of air to the denser medium. If this 


be represented by %, then X, = that is to say, Zhe wave- 


’ 

length of a ray of light in any medium ıs obtained by dividing 
the wave-length in air by the coefficient of refraction of the 
medium. The coefficient of refraction for the passage of 
light from a vacuum into air may be regarded as the same 
for all colours, and, may be taken as 1000294. When there- 
fore the wave-length of a ray of light in air has been found, 
the wave-length in vacuo is obtained by multiplying the 
result by 1000294. Ihe number of vibrations per second * 
is then found by dividing the speed of propagation by the 
wave-length, and the duration of a vibration by dividing a 
second by the number of these vibrations. 

In most colourless refractive media, such as glass, bisul- 
phide of carbon, water, the rays of shortest wave-length, 
that is, of most rapid vibration, are more deflected than the 


* [Usually called the oscillation frequency. ] 
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rays of greater wave-length or of less rapid vibration. For 
this reason prisms formed out of such substances yield a 
spectrum in which the individual colours follow the ordinary 
(normal) order of succession; the red rays, or those of 
greatest wave-length, are the least deflected, and the violet 
rays, or those of shortest wave-length, are more so. 

This is, however, not the case in a great number of 
coloured transparent media in which the material molecules 
exert a completely opposite influence upon the propagation 
of the ether waves. If, for instance, a hollow prism of glass 
is filled with a concentrated alcoholic solution of fuchsin or 
naphthalin red (Magdala), etc., and the light from a brightly 
illuminated slit is viewed through it close to its refracting 
edge, a spectrum will be seen in which the violet and the 
blue rays are less deflected from the angle of incidence of 
the white light than are the red or yellow rays. Such a 
spectrum begins with violet, after which comes blue, then a 
colourless space where green is usually found; beyond this 
space lie yellow and orange, and the spectrum ends with red 
in the place of greatest deviation. The succession of the 
colours is the reverse of that of a normal spectrum : the 
rays of most rapid vibration (violet and blue) are the least 
deflected, and the rays of least rapid vibration (yellow and 
red) are the most. We may therefore conclude that in these 
coloured substances the influence of their material molecules 
in retarding the vibration of the ether particles is less power- 
ful upon the rays of shortest wave-length, the violet and 
blue rays, than upon the rays of greatest wave-length, the 
red and yellow rays. This phenomenon, first observed by 
Christiansen and afterwards more closely investigated by 
Kundt, is termed Abnormal dispersion. In order to observe 
it, special contrivances are requisite, so as to secure the 
utmost amount of concentration in the coloured solution, 
and yet to allow sufficient light to pass through the prism ; 
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it is also necessary to eliminate as much as possible the 
disturbing influence of the substance from which the solution 
is prepared. 

According to Christiansen a concentrated alcoholic solution 


of fuchsin gives the following coefficients of refraction : 


Fraunhofer Line. Coefficient of Refraction. 
B 1'450 
C 1'502 
D 1'561 
F 13702 
G 1'285 
H 1'312 


Do 


l) 


I 





Abnormal Spectrum of Concentrated Infusion of Fuchsin (Solar Spectrum 
above). 


The coefficients of refraction augment therefore in the usual 
proportion from B to D, and even a little beyond D, and then 
sink suddenly in an abnormal manner to G, after which they 
begin again to increase. Thus the yellow has the most and 
the violet the least deviation, and consequently the Fraun- 
hofer lines no longer succeed each other in the same order 
as in an ordinary solar spectrum: they rather present the 
appearance as if the two halves of a normal spectrum had 
been transposed. 

Fig. 60 represents the abnormal spectrum as produced by 
a concentrated solution of fuchsin, above which is given the 


normal solar spectrum. 
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36. INTERFERENCE OF LIGHT AND MEASUREMENT OF THE 
WAVvE-LENGTHS. 


When several rays of light, or systems of ether waves, 
encounter one another in their passage through a medium, 
certain phenomena are produced, which owe their origin to the 
fact, that while in some directions the rays of one system fall 
in with and strengthen those of another system, in other 
directions they weaken or even destroy them. 

In Fig. 61 two such systems of waves, corresponding to 
the rays of light AB and C D, are represented, which are 
travelling in very close proximity, and meet at the point a. 
The two wave-lines represent the combined altitudes for 


EiG. OL: 





Illustrative Diagram of Two Waves increasing each other in Intensity. 


some one moment of the vibrating ether molecules as they 
are propagated in the direction of the rays ABand CD. 
If both rays have travelled 'equal distances from the source 
of light to a, then the molecule a, which is preparing to 
move downwards from the point of rest between A B and 
C D, will swing downwards with a force twice as great 
as if the impulse came only from the individual ray A B or 
C D. There is therefore at the point a an increase in 
the force of vibration, or, in other words, an increase in 
the intensity of light. This is always the case when the 
starting-points of two systems. of waves eventually cross 
each other, or are slightly inclining to one another, if they 
are separated by the distance of an exact wave-length, or by 
I, 2,3 ... . whole wave-lengths, or an even number of half 


wave-lengths. 
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Fig. 62, on the other hand, represents the two waves 
of equal wave-length, which have not started from the 
same point, but which, when they reach the point a, where 
they cross, are separated by a half wave, or by some 
uneven multiple of a half wave. The ether molecule a, 
lying in the point of rest between the two rays, will re- 
ceive from the one wave-system an impulse upwards, and 
at the same instant an impulse downwards from the other 
wave-system. Should each wave-system be of equal wave- 
length and equal intensity, the forces directed upon a will 
neutralize or destroy each other, and the molecule will remain 
at rest. The same is true for the other ether molecules b, d, 








Illustrative Diagram of Two Waves destroying one another. 


etc., whenever the rays A B and C D meet, or approximately 
meet ; the second half of the first wave coincides with the first 
half of the second wave ; the hollows of the first wave coincide 
with the crests of the second wave. The impulse given to 
the ether molecules by the one wave is exactly counter- 
balanced by the impulse given by the other, and the two 
waves mutually annul and destroy one another. 

When the distance separating two waves of light lies 
between the above-mentioned limits, or the waves are not 
exactly of equal length, then there is neither in the 
one case a doubling of the force of vibration, nor in the 
ötber case: a complete destruction of it. Ihe effect. of 
two such systems of waves meeting lies between these 
extremes, that is to say, there is either a partial increase 
or a partial decrease in the intensity of the light. 
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[he correctness of this representation—the phenomenon 
known as the /nterference of light—may be proved by a 


number of different experiments : they all confirm the pro- 





Diagram illustrating the Interference of Light. 


position that light added to light will, under certain condıtıons, 
produce complete darkness. 

We cannot further enter here into the details of these 
experiments, and must confine ourselves to the examination 
of a single instance of the interference of rays of light. Let 


A and A, in Fig. 63 be two points very near to each other, 


*® 
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which emit a continuous stream of light under circumstances 
which enable the ether molecules A and A, to preserve the 
same phase of vibration. Between the points A and A, let 
the central point m be found, upon which erect the perpen- 
dicular m n, and from each point A and A,, with radii 
reaching thence to the perpendicular, describe a series of 
eoneehmnie arcs, Alb. ctdartın, and.@,0b, Ads, . which 
shall be at equal distances from one another. It is manifest 
that all points in the arcs a and a’ are relatively equi-distant 
from the sources of light A and A,, and that this must be 
true also of the arcs d and b’, c and c‘, etc. If, therefore, as 
it has been assumed, the ether molecules at A and A, are 
vibrating under precisely similar conditions, it follows that 
all the ether molecules in the arcs a and a’ will vibrate also 
under similar conditions, and the same is true not only of 
every molecule in the succeeding arcs 5 and D’, but of all 
the molecules in every such pair of arcs which are equi- 
distant from A and A.. 

If from the same two points A and A, other concentric 
arcs are described exactly in the middle between the arcs 
already drawn (marked in the figure by dotted lines), then, 
as before, all molecules found in any two of these arcs, 
which are equi-distant from A and A,, are also in the same 
phase of vibration, although these conditions are not the 
same as those of the molecules in the ares a,d,c,d... 
If the distance between any two of the first set of 
arcs a, db, c, d.. . is a whole wave-length, then the 
distance between these and the second set of arcs—dotted 
arcs—is a half wave-length. The ether particles in the 
arcs a,b, c,d.. . are therefore in quite the opposite phase 
of vibration to those in the dotted arcs. Now, as the two 
wave-systems cross each other, there will be at the point 
of crossing an increase in the intensity of the light where 


the ether molecules are in the same phase of vibration— 
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that is to say, at the point where the arcs a,d,od... 
intersect the arcs @,d; cc, @ ..: as well as where the 
dotted arcs intersect one another. These places are marked 
in the figure with a small white circle. But in those places 
where the dotted arcs cross the arcs a, 5b or a’, b’, the 
difference in the wave-lengths from A or A,, as the light 
progresses in its course, amounts to 4, I4, 2% .. .; there- 
fore at such points of intersection the ether particles of the 
waves encountering one another are in precisely opposite 
phases, and their motion is consequently annulled. At 
these places, marked in the figure with a small dark circle, 
a complete interference of light takes place; in them the 
ether molecules are at rest, and therefore emit no light ; they 
are places of complete darkness. 

When it is remembered that, as the wave of motion 
proceeds from a to db, from db to c, etc., the ether molecules 
lying in the path pass progressively through all the phases of 
a vibration, it is easy to see that the points of greatest 
intensity, as well as the points of darkness, should form 
themselves into continuous lines. An increase of light 
therefore will be observed, where the arcs intersect, along 
the whole central line z o, and along the lines marked 2; 
while along the lines marked I and 3 complete darkness 
occurs. If it is further remembered that the wave motion, 
proceeding from A and A,,is propagated not merely in a 
plane, but in a spherical form, in every possible direction, 
so'that-the arsa,d,c...,a,b,cd.. .,asalso the dotted 
arcs, are to be viewed as portions of a hollow sphere, then 
it is evident that if the complete wave-system be received 
upon a screen or upon the retina of the eye, the phenomena 
of interference will present the form of alternate bright and 
dark bands, the central one, » o, being a bright one. 

It has been assumed that the ether waves proceeding 
from A and A, are uniformly of the same wave-length a 2. 
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The figure, however, clearly demonstrates that the smaller 
the wave-length, the nearer will the bright and dark 
bands approach each other. Fresnel investigated this phe- 
nomenon in the following manner. By means of two 
mirrors, inclined to each other at a very obtuse angle, he 
produced, from one luminous point, two closely approximate 
images (A and A,). Now as, in accordance with the laws 
of optics, the rays reflected from the mirrors, in their 
passage from the luminous point in front of the mirrors to 
the aros a, A, 0... or@, di, cd... .„, will pass:over the same 
path as if they started from the images A, A,, the condition 
is fulfilled, that the ether particles at A and A, are in one 
and the same phase of vibration — namely, in that of 
the luminous point. Upon substituting a bright line for 
the luminous point, and receiving upon a white screen or 
examining with a lens the two wave-systems reflected from 
the mirrors, Fresnel found a succession of alternately bright 
and dark bands, symmetrically arranged on either side 
of the central and brightest line zo. When he made use 
of red light, the red bands became broader and more 
separated ; with yellow light they were narrower and nearer 
together, and still morg so when violet light was used. 
From this it follows that the wave-length of a red ray is 
greater than that of a yellow ray, and the wave-length of 
a yellow greater than that ofa violet ray. A simple appli- 
cation of geometry demonstrates that the width of band is 
in exact proportion to the wave-length, and that the wave- 
length may be ascertained when the width of the bands, 
the amount of their separation, the distance of the two 
images A and A, behind the mirrors, and their distance 
from the screen are given. 

As the dark bands indicate the extinction of light at those 
places, and the point of extinction is not the same for all 


colours, it is not possible, when using white light, to obtain 
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the bright bands perfectly white, nor yet the dark bands 
completely black. There must always be some admixture 
of colour, but on account of the difference of luminosity of 
the individual colours, there still will be an alternation of 
dark and bright bands. 


37. DırrRacrıon OF LIGHT. 


As early as 1665 Grimaldi observed that the image of the 
sun, formed by a small round aperture in the shutter of a 
darkened room when received upon a screen, was some- 
what larger than it ought to be, taking the size of the 
aperture into account, supposing the rays of light travelled 
in a straight line. He also noticed that the image was 
surrounded by faintly-coloured rings. When the small 
hole was replaced by a narrow slit, and a small opaque 
body placed in the path of the solar rays, there appeared 
on the screen a shadow, that was not merely broader than 
it ought to have been, but was marked on either side 
by several coloured bands. When the light was admitted 
through two small round holes close to one another, and the 
screen so placed that the two small images of the sun over- 
lapped, it was noticed that in the locality which received 
light from the overlapping images, and which might there- 
fore be expected to be doubly luminous, dark bands were 
visible. On closing either of the apertures these bands 
immediately disappeared. Grimaldi was thus led unhesi- 
tatingly to announce the proposition, though its full meaning 
was not yet clear to him, that, under certain conditions, 
light added to light produces darkness. He undoubtedly 
recognised the immediate cause of this phenomenon, since 
he assumed that the rays of light, in passing by the edges 
of the opaque object, had suffered a defiection from their 
straight course, and had afterwards proceeded as a diverg- 
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ing brush of light. To this phenomenon he therefore gave 
the name dıffraction of light. 

In the study of diffraction a number of complicated 
phenomena present themselves, to all of which an expla- 
nation is aftorded by the undulatory 
theory of light. The importance of 
some of these phenomena will ap- 
pear from the following simple ex- 
periment, which affords the means 
of ascertaining with great accuracy 
the wave-lengths of different colours. 

Through the narrow vertical slit 
A (Fig. 64) in the window-shutter 
F F, let a pencil of solar-rays A B 
enter a dark room, and at B allow 
it to pass through a second slit, 
parallel to the first, after which let 
it be received upon a white screen 
placed at some little distance from 
the latter. Not only is the spot 
a brilliantly illuminated where the 
pencil of light AB would fall on 
the screen if the rays had travelled 
only in a straight course, but beyond 
the bright band a, Iying on each 


side of it, is a succession of coloured 





Exhibition of Diffraction 


Bands. 


and dark bands a,, a,, a., etc. The 
bands diminish in brightness the 
further they are removed from the 
centre a, until they become so faint as to be indistinguish- 
able from the background. In passing through the narrow 
slit B, the rays are diffracted or bent, so as to spread out on 
each side. 


These phenomena closely resemble those exhibited in 
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Fresnel’s experiment with the mirrors ; and in both cases it 
is equally necessary to employ homogeneous light—light of 
one colour—to obtain distinctly separated dark and coloured 
bands, as shown in Fig. 65. 

With yellow light the dark and bright bands are broader 
than with violet light, and with red light they are broader 
still in the proportion represented in the figure. If we imagine 
these coloured images to be superposed, it will be at once 
perceived that by the employment of white light, which is 


composed of all shades of colour, very confused images 


Fıc. 65. 
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Fraunhofer’s Spectra of the First Order. 


will result, for the bright bands will no longer be of uniform 
tint, nor the dark bands wholly black. If the slit B is 
gradually widened, the bands become narrower, until with 
a moderately wide slit they become so fine as to be no 
longer visible. 

Fraunhofer, by whom these experiments were in a sense 
carried to completion, inasmuch as he succeeded in register- 
ing in detail the phenomena of the diffraction of light, applied 
the term spectra of the first order, of the second order, and 
of the Yard order to those images marked a,, a,, a, respec- 
tively ... . (Fig. 64) on either side of the band a. 


We will now endeavour to explain the formation of these 
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spectra and the dark bands. Let ac, in Fig. 66, represent 
the opening of the slit BB, and A A,, a pencil of homogeneous 
light—red, for instance—in which all the ether particles Iying 
along the slit are in the same phase of vibration. According 
to the axiom laid down by Huyghens, every vibrating ether 
particle becomes the centre of a new spherical wave- 
system, expanding in all directions. Every ether particle, 
therefore, lying between a and c, forms the centre of a 
spherical wave, extending equally towards A A, and the 


Fıc. 66. 
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Explanation of Diffraction Bands. 


screen SS. If, as we have assumed, all the atoms between 
a and c are in the same phase, then in the space between a C 
and cC, all the atoms Iying on any line parallel to ac will 
likewise be in the same phase. None of these atoms disturb 
the vibrations of its neighbour ; therefore the space upon the 
screen C C,, which lies parallel to the slit a c, and between 
the perpendiculars aC and cC,, appears fully illuminated. 
But this is not the case with the portions of the screen 
beyond C and C,. The wave-systems originating in the 
ether particles between a and c spread themselves also to 
the right and left, and the lines aa’, cc‘ represent such 
8 
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rays, which fall in a slanting direction upon the screen. 
As the outside rays cc’ and aa’ have no longer travelled 
equal distances, the ether particles at a’ and c' are not 
necessarily in the same phase. The difference in the phase 
of their vibration evidently depends upon the difference a da, 
or the length of their paths, and this is the greater the more 
obliquely the pencil of light falls upon the screen ; that is to 
say, the greater the angle the oblique rays make with the 
direction a C of the incident rays AaC. Let us now succes- 
sively examine the individual instances where the difference 
ad' in the outside rays amounts to I, 2, 3, 4, etc., half wave- 
lengths. Let & be the angle which a a’ makes with aC. 

When the angle &, is so small that the difference a d’ for 
the outer ray amounts exactly to one half wave-length, then 
the interference ($ 36) is total for the outer rays aa’ and 
cc, but only partial in-the rays in their neighbourhood, 
whilst it is altogether absent in the central rays 5‘. The 
collective effect of the individual rays forming the deflected 
pencil of light consists therefore in a diminution of light, as 
compared with the direct rays aC, C,c, and this is shown 
on the screen by a decrease of light on both sides the 
central bright band C C,. Calculation shows that the in- 
tensity of light in these places amounts to O0'4, as compared 
with the central band CC, ; if the latter be represented by I, 
and the former by I,, then I, = 04 Il. 

When the angle & is greater, and the difference in the 
distance of the paths of the two outer rays of light amounts 
to two halves, that is, to one whole wave-length, we may 
imagine the oblique rays to be divided into two equal portions 
by the central ray 50‘. The difference then in the paths of 
the rays 5b’ and aa’, and also of cc’ and dd’, is a half 
wave-length ; these rays, therefore, produce total inter- 
ference, and destroy each other. But this is also true of 
all the individual rays of the first half a d, and of the 
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corresponding rays of the second half dc, of the whole 
pencil of rays ac, whence it follows, that all the individual 
rays between aa’ and 5b’ mutually destroy one another. 
The amount of light, therefore, from the complete pencil of 
rays at the spot where it falls on the screen is absolutely 
nıl, and a dark band is the’ result. 

If by an increase in the angle & the difference a d’ of the 
paths of the outer rays amounts to three half wave-lengths, 
the whole pencil may be divided into three equal parts, the 
‘outer rays of which, on their way to the screen, ditfer from 
‘one another by half a wave-length. Of these three pencils 
‘of rays two completely interfere as described above, and the 
light they throw on the screen is nl. In the third pencil 
‘of rays, however, the individual rays, as in the first instance, 
stand so related to each other that, while the outer rays, which 
differ a half wave-length, completely destroy each other, the 
rest do so only partially, and thus a portion of light remains. 
The collective effect of a ray of light falling so obliquely upon 
the screen is therefore a bright band, in which, however, the 
(degree of brightness is considerably less than that of the 
first band, the first band itself being in an equal degree less 
bright than the central band C C,. By a simple calculation 
it can be shown that the brightness I, of the place on the 
screen on which thıs pencil of rays falls is 4 of I,, so that 
üne value of his L=4X04 L=0044 1: 

A pencil of rays falling still more obliquely upon the 
screen, in which the difference ad in the paths of the 
outer rays is two whole wave-lengths, may be divided into 
four equal parts, the outer rays of which differ by half a 
wave-length. As these individual rays mutually destroy 
one another, a second dark band appears at the place where 
they fall upon the screen. With a difference in the outer 
rays of five half wave-lengths, a pencil of still more slanting 
zays may be divided into five equal parts, with the result, 
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that four portions would mutually destroy each other, 
while the light of the fifth would be so far impaired that 
the band of light it forms on the screen would be con- 
siderably less bright than any of the former bands. In 
fact, the brightness of this band I, is only 3; of I, so 
that ,=2,x0'4 1I=0'0016 1. 

If this reasoning is carried further, it shows that the con- 
current effect of the individual rays of a pencil of diffracted 
light is absolutely to nullify one another, and therefore to 
produce a dark band on the screen whenever the difference in 
the distance travelled by the outer rays amounts to an even 
number of half wave-lengths. But in the intervals between 
these dark bands, where pencils of light fall in which the 
distance travelled by the outer rays amounts to an uneven 
number of half wave-lengths, there is always a portion of 
light left undestroyed, which produces a bright band, though 
the intensity of the light in these bands rapidly diminishes 








as their distance from the central image increases. 

If in Fig. 66 a’ represents the place in the image where, as 
by calculation from the central point between C and C,, the 
first dark band occurs, then, according to the above, the 
line ad’ in the triangle a c d’ represents a wave-length. If 
this, as is customary, is designated by A, it follows from the 
equality of the triangles acd' and a’aC, the width of the 
slit ac being-designated by s, that Ca’:aa=X:s. On 
account of the comparatively great distance a C=E of the 
screen from the slit, and the small space occupied by the 
image, it may be assumed, without any material error, that 
ad=aC=E; so that Ca’:E=AX:s. Ifthe places on the 
screen where, reckoning from the centre of C and C,, the 
second, third, etc., dark bands would fall, are designated suc- 
cessively a,, a,, etc., then C,:E=24:5,Ca,:E=3xX:s, etc. 
Whence it appears that the distance of the dark bands from 
the centre of the diffraction image, as successively calculated, 
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increases in the proportion of I, 2, 3, etc., also that the 
spaces between the dark bands—that is to say, the bright 
bands—are all of equal breadth, while the central bright band 
is double the width of the others. 

As in red light the wave-length X is nearly twice as great 
as in violet, it follows that with red light C a, Ca,,C a,, etc., 
—in other words, the distance of the dark bands from the 
middle of the central band, — is nearly twice as great as with 
violet light. The bright bands are also nearly twice as broad 
with red as with violet light. 


From the equation C a it will be seen that the 





breadth of the bright bands is in inverse ratio to the width 
s ofthe slit. With a slit widening at the rate of 2, 3, 4, .. 
the bright bands become narrower at the same rate. 

These results deduced from the undulatory theory of light 
are in complete accordance with observed phenomena. In 
order, however, to obtain the above quantities with great 
exactness, it is necessary to employ the most delicate in- 
struments, and to use them with great care and dexterity ; 
the slit BB, for instance, should be provided with a special 
micrometrical contrivance, whereby the width of opening may 
be accurately determined to within about „4, of an inch. 

The method of measuring wave-lengths is given in 
Appendix D. 


38. GRATINGS AND THEIR SPECTRA.— THE DIFFRACTION 
SPECTRUM. 


Among the various contrivances which may be substituted 
for a slit in studying the phenomena of diffraction, the one 
of most interest is that of a grating. The gratings employed 
by Fraunhofer consisted either of very fine metal wire 
stretched at equal distances across a square frame of brass, 
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or of very fine parallel lines cut by a dividing machine on a 
gilded glass plate. The process of ruling has now been 
brought to great perfection, the lines cut by a diamond upon 
the glass being about an inch in length, and so close together 
that even in the coarser gratings there are 1,000 to the 
inch, while in the finer ones there are from 6,000 to. 
10,000.* The spaces between the lines form so many slits. 
of uniform width, through which the light passes; the 
finest gratings, therefore, consist of from 6,000 to 10,000: 
rectangular slits in close proximity, and about one inch in 
length. 

The phenomena of diffraetion shown by such a grating 
when the light falls perpendicularly upon it may be observed 
in a variety of ways. Ifthe phenomena are to be exhibited 
on a screen, a sharp image of a slit must first be formed 
by means of a lens. If a fine grating is then placed 
immediately in front of the lens, there will appear upon 
the screen a coloured image consisting of one central 
white band supported on either side by a succession of 
spectra all placed with the violet end towards the centre and 
the red outwards. The order of succession in the colours 
of these spectra is the same as in the prismatic spectrum, 
but the distribution of the colours is in different proportions. 
In the grating spectrum, while the two spectra on either side 
the central line appear isolated upon a black ground, the red 
end of the second spectrum encroaches on the violet end of 
the third, so that they partially overlap, and while the two 
first spectra are short and very brilliant, the succeeding ones 
gradually increase in length and diminish in brilliancy. 

The simplest method of employing gratings is by direct 


* [Rowland rules gratings on speculum metal now with lines 
over three inches in length, and at the rate of more than 14,0c0 
lines to the inch, covering six inches in length. He has ruled some 
gratings at a rate of 42,000 lines to the inch. ] 
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observation. For-this purpose a telescope should be directed 
at some little distance upon a line of light, such as a brightly 
illuminated slit, and the grating fixed in front of the object 
glass so that the lines of the grating should be parallel to 
the line of light. The diffraction image with its spectra 
will at once be seen. This is very beautifully shown by 
the slit and collimator lens of an ordinary spectroscope, 
when removed from the rest of the instrument, if the grating 
be held between the lens and the eye, with its lines parallel 
to the slit. If the sun is viewed with an instrument so 
arranged and the slit almost closed, the most prominent of 
the Fraunhofer lines may be 
distinctly seen in the first 
spectrum, and still more dis- 
tinctly: in the second. 

As these diffraction spectra, 
as we shall presently see, are 
peculiarly adapted for deter- 
mining the wave-lengths of 
| 
l 


the individual colours, we 





will endeavour to gain some 


Formation of Grating Spectra. 


conception of their formation! 

Let GG in Fig. 67 represent the horizontal section 
of a glass grating placed vertically, and let ab, cd, etc., 
represent the transparent parts, and dc, etc., the parts 
rendered opaque. If the slit is sufficiently removed from 
the grating, or if between the slit and the grating a colli- 
mating lens is introduced .at a suitable distance from the 
latter, the rays S will fall perpendicularly to the plane of the 
grating in the horizontal direction A B. It may be assumed 
that these rays are all of one colour, such as would be given 
out by a sodium flame, and it may be remarked that all the 
rays issuing in parallel lines from each individual point in the 


openings of the gratings become united by the object-glass of 


120 SPECIRUM-. ANALYSIS. 


the telescope, or in direct vision by the crystalline lens, and 
are focussed on the retina of the eye. A careful examination 
will show that these lenses exert no influence upon the 
conditions of vibration of the ether molecules Iying in the 
path of a ray of light passing through them; therefore the 
united pencils of rays we are considering emerge from the 
lenses unaffected as to their respective wave-lengths. 

In those pencils of rays which pass through the openings 
of the grating in a direction perpendicular to it and parallel 
to AB, a uniform condition of vibration prevails in every 
section that is parallel to GG. The individual rays have all 
travelled a uniform distance, and their union produces an 
increase in the light, so that the centre of the image remains 
a bright band. 

In consequence of the lateral expansion of the waves of 
light, a countless number of pencils of rays parallel to each 
other also pass through the grating at various angles to the 
perpendicular line A B; such a system of rays is represented 
in Fig. 67 by the angle &d,. Disregarding for the moment 
the difference in distance of the path of the rays in any 
individual pencil, let us concentrate our attention on the 
interference exerted by the individual pencils of rays on one 
another as they pass through the grating. If from the first 
outside ray c of the second pencil of rays cd we let fall 
a perpendicular c d, upon the first outside ray a of the first 
pencil of rays a db, then a d, is the difference in the distance 
travelled by the first two pencils; and if the apertures are 
assumed to be of uniform width, it will also be the difference 
in the distance travelled by any other two neighbouring 
pencils. If the difference a d, amounts toa whole wave-length, 
then the waves of the individual pencils pursue their course 
undisturbed, and where their waves unite produce a greater 
intensity in the light. 

The same is true of other systems of parallel pencils 
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whenever the angle of deviation &, formed with the line of 
incidence AB is such as to cause any two neighbouring 
pencils of rays to differ in respect of the distance they have 
travelled by /Zwo or more whole wave-lengths. In all such 
cases the pencils of rays which arein unison assist each other 


in their effect, and where they unite increase the intensity of 


the light. In Fig. 68 two such systems are represented in 


Fıc. 68. 
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Pencils of Rays in their Passage through Gratings. 


their passage through five grating apertures. The first 
system n drawn in continuous lines is deflected to the amount 
of the angle &,, and the difference a d’ in the distance traversed 


between any two of the neighbouring pencils is assumed to 


be a whole wave-length. The second system » drawn in 


dotted lines is deflected to the amount of the angle &,, and 


the difference a d” of the distances travelled by any two of 
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the neighbouring pencils amounts to /wo whole wave-lengths. 
The union of all the pencils which fall upon the grating in 
a perpendicular direction parallel with A B produces at 
O a middle bright band— yellow if the light of sodium be 
employed. The union of the first deflected pencil »» produces 
a lateral bright band at ı, while the second pencil of rays 
produces a second lateral band still further removed at 2, and 
so on. The corresponding systems of rays deflected at 
similar angles in the opposite direction, and not represented 
in the drawing, give rise in the same manner to the bright 
bands I and 2 to the left of O. 

A very different course is pursued by such systems of 
rays as, passing in a parallel direction through the grating, 
are deflected atsuch an angle that the neighbouring pencils do 
not differ in wave-length by either one whole or byany number 
of whole wave-lengths. If we take, for instance, a grating of 
1,000 lines or 1,000 apertures, and suppose the angle of diffrac- 
tion & is such that the difference in the distance traversed by 
the first and second pencils is I + 7955 Wave-lengths, then 
the difference between the first and the third pencils will 
be 2 + „50, wave-lengths, and so on; but the difference 
between the first and the 5o1st pencil will be 500 + 4 wave- 
length. This last pencil of rays will therefore be in an 
opposite phase of vibration to the first one; in a similar 
manner the 502nd will be in an opposite phase to the 2nd, 
the 503rd to the 3rd, and so forth up to the 1,000th, which 
will be in an opposite phase to the 500th. AII these indi- 
vidual pencils will therefore interfere completely, and destroy 
each other. If by a somewhat larger angle of diffraction & 
the difference between the first and the second pencil is 
I + 72, wave-lengths, then on reaching the 5I1st pencil the 
difference between it and the first pencil will be 50 + or 
50 + 4 wave-length, in which case the 5ıst pencil will 


interfere with the Ist, the 52nd with the 2nd, and so forth, 
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so that, as before, at the point of union each individual pencil 
will destroy the other. 

It is, moreover, evident that if the angle of diffraction is 
such that the component rays forming each individual pencil 
destroy each other, the combined effect of two such pencils 
can produce no light. The dark bands which are present 
in the diffraction image when only one aperture is in use 
($ 37) must therefore remain dark when several such aper- 
tures are employed in juxtaposition. In such a case it may, 
however, happen that one or other of the pairs of rays 
supposed to form a bright line is annihilated on the way; 
for each pencil of rays, which would in other conditions 
unite to form this bright line, carries in itself the germs of 
destruction. A closer investigation shows that the dark 
bands seen in spectra of the first order—bright bands 
formed by one slit—augment in number as the apertures in 
the grating increase, so that when the grating is very closely 
ruled the remaining bright bands are very narrow, and the 
dark intervening spaces become in proportion more extended. 

A spectrum of this kind formed by such a grating is 
shown in Fig. 69, the light employed being homogeneous— 
red in this instance. In the centre of the image appears 
a red band OO, the image of tlie slit, and . on -either 
side, at a distance corresponding to one whole wave-length, 
is a narrow red line A’, upon a perfectly black background, 
doubtless the remnant of the first spectrum of the first class, 
which would have been produced by a single slit. As the 
grating is composed of a vast number of slits, the brilliancy 
of this first red line RX’ is considerably greater than with 
a single slit.e Beyond this again, at double the distance 
from OO, at the spot corresponding to /wo whole wave- 
lengths, on either side is a second bright red line X’, and 
further still, at distances increasing in the same proportion, 
is seen a third red line R”', and a fourth, etc. 
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If the homogeneous light is violet, besides the central 
violet line O OÖ, there will appear on either side, at distances 
corresponding to the shorter wave-lengths of violet light, 
vr 


light is employed, such as the flame of sodium, then at 


the violet lines V’, ‚ V', etc. If yellow homogeneous 


distances corresponding to its wave-length there will appear 
yellow lines which will fall between V’ and R’, between V” 
andıRr”, and Ye andR 

If white light passes through such a grating, then each of 
its component colours, at places where the differences in the 
distances they have travelled amounts to a whole wave- 
length, forms a bright line, so that with the infinite gradation 


in the wave-lengths of the various colours, the lines follow 
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Grating Spectrum of Homogeneous Light. 


one another in an unbroken succession, and produce a 
coloured band which, beginning with violet, passes through 
all the well-known colours of the spectrum, indigo, light 
blue, greenish blue, green, yellow, orange, finishing with 
red ; while, owing to the overlapping of all these colours 
on the central band O O, this portion appears white. 

In this way not only is the first spectrum V’ R/ (Fig. 70) 
formed, but on either side, at equal distances from OO, the 
other spectra V’ R, V'”’ R’, etc., in all of which the violet 
end lies towards the centre, while the red end is turned out- 
wards. The order of succession in the colours is precisely 
the same in these spectra as in a spectrum formed by a 


prism, but the distribution is proportionally different, for in 
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the grating spectra the position of the colours is accurately 
determined by their wave-lengths, and, as already pointed 
out, while the first spectrum V’ R’ stands isolated upon a 
black ground, the red of the second spectrum V" R7 is 
overlapped by the violet of the third spectrum V"’" R”. If 
in the incident light certain rays are missing, their absence 
will necessarily cause a gap in the grating spectra; thus 
in the solar spectrum as obtained from a grating not finer 
than from 200 to 300 lines to the inch, the Fraunhofer lines 
are distinctly visible. 

Glass gratings consisting of from 3,000 to 6,000 lines to 


the inch, and even of 100,000 lines to the inch, can be 


Era 
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Grating Spectrum. 


obtained from Nobert, but their costliness precludes their 
general use. Gratings of equal delicacy have, however, been 
produced by Rutherfurd, of New York, so well known for 
his labours in celestial photography. With a machine of 
his own construction he ruled lines on glass, which he 
afterwards silvered. The light reflected from the engraved 
surface of this metallic grating produces diffraction spectra 
of great purity, and they are formed in the same manner 
as the spectra are formed by the passage of light Hırough 
the glass gratings. These gratings unfortunately only find 
their way by the munificence of the constructor into the 
hands of a limited number of observers. It must therefore 
be regarded as a laudable undertaking that the attempt has 


been made of late by one or two physicists to reproduce by 
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photography on glass the most perfect of Nobert’s gratings. 
The greatest success in this direction has been attained 
by Lord Rayleigh, who succeeded in producing a good 
photographie copy of Nobert’s glass gratings of 3,000 and 
6,000 lines to the inch. He has been able from these 
copies to make a number of reproductions, which in respect 
of the purity and brilliancy of their spectra do not leave much 
to be desired. Lord Rayleigh has published the methods he 
employed, and his experience gives us reason to hope that 
gratings as fine as from 10,000 to 12,000 lines to the inch 
may yet be copied, and multiplied by this process. 

For the purpose of merely gaining acquaintance with the 
action of the grating and the appearance of grating spectra, 
“ which are known as diffraction spectra in contradistinction to 


EIG. 7% 





Pocket Diffraction Spectroscope. 


the prismatic or refraction spectra, the instrument perhaps 
best adapted to general use is the pocket diffraction spec- 
troscope shown in Fig. 71. It consists of a tube R, with an 
adjustable slit S, and an inner sliding tube », carrying a small 
collimating lens C ; g is a grating photographed on glass. If 
the slit is directed towards the sky and the tube » drawn out 
til a sharp image of the slit is formed by the lens C, and 
if the lines of the grating are parallel to the slit, three very 
beautiful diffraction spectra will appear on both sides of the 
white central line. When the light is sufficiently strong 
some of the Fraunhofer lines may readily be recognised. 
[In a note on page 118 we stated that Professor Rowland 
had ruled gratings on large surfaces and with very close 
lines. He has further modified the apparatus necessary 
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for studying diffraction phenomena by ruling lines on concave 
spherical surfaces of polished spectrum metal. The radii of 
these surfaces vary from about 4 feet to 40 feet. The great 
advantage of this plan is that for observing spectra neither 
telescope nor collimating lens is required, only a slit and 
an eye-piecce. Mathematical calculation shows if r be 
the radiıus of curvature of the mirror, and if a circle be 
described with this radius as a diameter, that if a bright 
point be placed anywhere on the circumference of this circle, 
the focus of the reflected image of that point will also lie on 
the circumference. If then the slit be placed on the circle, 
the focus of all parts of the Fıc. 72. 

different spectra will alsolieon $_ E 

the circumference. To obtain 

a spectrum which is normal * 

in a plane tangent to the circle, 

Professor Rowland places the Da 

observing screen, or eye-piece, & 

in the axis of the mirror, and | 

at the distance of its radius, 

and causes the slit to approach the grating, at the same time 
making it travel along the circle. This he effects by the 
artifice shown in Fig. 72. 

SGand EGoare two bars placed accurately at right angles 
to one another. At S is the slit which is fixed, and the 
beam of light falls along SG on to G, the grating. The 
grating is attached toa bar EG, and EG is made equal to 
the radius of curvature of G. At the other end is E, 
an eye-piece (or a photographic plate). The axis of the 
grating also lies along G E; GE slides along S E and 
GS. Now some part of the spectrum will always fall in 


* [By a normal spectrum we mean a spectrum in which the dis- 
tances apartofthedifferentrayswhenfalling on a screen or drawn asin 
a map are exactly proportional to the differences of their wave-length.] 
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the direction G E, and will therefore always be in focus, since 
GEis the radius of curvature of the mirror, and S lies on 
the circumference of the circe. For as GSE is a right 
angle, a circle described with GE as diameter will always 
pass through S. By this plan the wave-lengths at any 
part of the spectra can be at once compared without error 
for a considerable distance on each side of E by merely 
measuring the distances from E of the rays whose wave- 
lengths are to be compared. A further advantage is that as 
E G is invariable in length, the scale of wave-lengths is 
always the same. The wave-lengths can be measured by 
photographing the spectrum, or by a micrometer eye-piece. | 


39. MEASUREMENT OF WAVE-LENGTHS By MEANS OF THE 
DIFFRACTION SPECTRUM. 


The determination of the wave-lengths according to the 
method described in Appendix D, by the illumination of a 
single fine slit, is subject to this inconvenience, that there is 
no means of ascertaining the exact colour of the light em- 
ployed, nor of determining its position in the solar spectrum. 
This is not the case with the diffraction spectra, in which not 
only is the distribution of the colours in exact accordance with 
the wave-lengths,* but the presence of the Fraunhofer lines 
affords the means of accurately measuring the wave-lengths 
of each colour. 

From Fig. 68 it will be evident that if the line a c com- 
prising the breadth of one aperture in the grating a d, and the 
neighbouring space Ö c, be represented by d, and the angle of 


* [This is true for a small portion of the spectrum when the 
grating is in the position indicated above. A comparison of wave- 
lengths is made by taking the difference between the sines of the 
angles of incidence and diffraction. Thus when one diffracted ray 
is normal to the grating, the wave-lengths of any other rays not 
differing considerably from it may be directlycompared by measuring 
either their angles of deviation from it or the tangents of the same, 
since sines, tangents, and arcs of small angles are practically equal. ] 
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diffraction of the homogeneous pencil of rays m m ın which 
the difference a d’ in the distance the light has travelled is a 
whole wave-length A, and which consequently is the cause of 
the first bright lineX'—assumed to be red—be represented by 
&, ; and if further the diffraction angle of the pencils of rays 
n nin which the difference a d’ of the distance travelled is 
two whole wave-lengths—2\-—and by which therefore the 
second bright line (red) 2 is formed, be designated by d#,—then 


ad=ac.sin.d, or 
=b.sin.d, and further 
2A=b.sin.d; 3A=b.sin. d,'etc., 


whence it follows :—X : 2X : 3A=sin.d, : sin d, : sin &, etc. 

For every colour. the wave-length increases in proportion 
to the angle of diffraction : the violet rays have a smaller 
wave-length than the red, and the angle of diffraction of the 
violet rays is proportionally smaller than that of the red; in 
other words, the violet lies nearer the central image than 
the red. 

With white light, instead of single coloured lines, the 
whole spectra appear, and it is evident that the central part 
in them is occupied by those rays whose wave-length lies 
between the wave-lengths of the extreme red and the extreme 
violet rays. For the extreme violet rays the wave-length, 
shown by the table given in Appendix D, is 00003963 
of a millimetre, and for the extreme red rays beyond B the 
wave-length is 0'°0007601 millimetre : the mean between these 
values is 00005782 millimetre, which according to the above 
table is the wave-length of those rays which in the prismatic 
solar spectrum lie between the Fraunhofer lines C and D, in- 
deed close toD;; that is to say, the middle yellowrays. Inthe 
diffraction spectrum therefore yellow lies in the middle between 
red and violet, while in the prismatic spectrum it is very 
much nearer to the red. 


> 
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The distribution of the colours in a diffraction spectrum is 
shown in Fig. 73; for the convenience of comparison the 
ordinary prismatic (refraction) spectrum is placed beneath. 
The most prominent of the Fraunhofer lines are given in 
both spectra. 

From the above equation A—D. sin .&, it follows that in 
order to measure the wave-length of a certain colour, or of 
the colour corresponding to a certain Fraunhofer line, it is 
only necessary to find the value of 5; that is to say, the 
mean distance of the interval between two of the ruled 
lines; and to measure the angle $#,, by which the coloured 
ray or the Fraunhofer line is deflected from the direction 
of the incident rays. The first measure is taken by means 
of a microscope, unless the optician, from his acquaintance 
with the powers of his dividing machine, has been able 
to furnish the exact distance between the lines of the 
grating. 

The measurement of the diffraction angle &; is accomplished, 
as before mentioned, by means of a goniometer or spectro- 
meter. To this end the grating g, Fig. 74, is fixed upon the 
small table in the middle of the instrument, in such a way as 
that its lines are vertical and its surface forming aright angle 
with the axis of the tube S carrying the slit. If the telescope 
F, after being brought to a sharp focus upon the slit s, is 
directed upon the axis of the tube S, the centre of the cross- 
wires will be upon the central bright line of the diffraction 
image. Now to determine the wave-length of any given kind 
of light—the yellow light of sodium, for instance—a sodium 
flame must be placed in front of the slit s, and the telescope 
F turned sideways until the cross-wire is fixed upon the first 
yellow line. The reading of the attached vernier records the 
arc through which the telescope has travelled from the 
direction of the incident rays, and gives the angle &. If 
these measures are repeated for the corresponding line on 
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the other side of the middle line, a test is thereby furnished 
for the accuracy ofthe angle measured. Accuracy may be 
further insured by extending these measures to the second 
and third bright lines, and thus obtaining the values of the 
angles &, and &;. k 

To determine the wave-length of any Fraunhofer line sun- 
light must be directed on to the slit by means of a heliostat, 
and the telescope moved angularly from the direction of the 
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Spectrometer, 


incident rays, until the cross-wire cuts the line in question 
either in the first or second spectrum ; the arc traversed 
by the telescope gives the required angle &, Or &». 

In this manner the wave-lengths of all the most im- 
portant Fraunhofer lines have been accurately determined, 
first by Fraunhofer and subsequently by Ditscheiner, Van 
der Willigen, Mascart, Bernard, and notably by Angström. 
The following table gives the wave-lengths of the chief of 
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° 
these lines according to Angström’s measures, including 
some slight corrections which he subsequently added :— 


Fraunhofer Ten Millionths of a Fraunhofer Ten Millionths of a 
Lines. Millimetre. Lines. Millimetre. 
Am. 760400 Da aa RO 
I an 20778800 Bu ur 1: Bd 
B 6867'00 U ng BUDBO 
Fr zn Zr nn 7751007 
1b 7201070) BR ra 
D; MER Da | Bnga Ne 20% 
526913 7 ne Br 

BR 77300801 
Ei. N.) 303300 


These researches for determining the wave-lengths of the 
various colours of the solar spectrum have been carried 
still further by the labours of Mascart, Ketteler, Müller, 
Thalen, and others, by whom the light emitted by various 
terrestrial elements when in a state of incandescence has 
been examined, and the wave-length determined by direct 
observation of the diffraction spectrum. 

By the use of gratings we thus possess the means of 
separating composite light into its component parts without 
causing it to undergo refraction by a prism. Diffraction 
spectra are therefore free from the defects of the faulty 
distribution of the rays due to the glass or the liquid of 
which the prism is composed. Angström applied with 
Justice the term Normal Solar Spectrum to the spectrum he 
mapped, in which every ray is noted in its absolute wave- 


length. 


40. VARIOUS METHODS FOR EXHIBITING THE SPECTRA 
OF TERRESTRIAL SUBSTANCES, 


The spectra of incandescent solid and Ziguid bodies are 
continuous, and resemble each other so closely, that only in 
a very few instances can they be distinguished ; spectra of 
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this kind are, therefore, not suitable for the recognition of 
a substance, though they may authorize the conclusion, that 
the substance is either in a solid or liquid state. Only 
discontinuous spectra, consisting of coloured lines, or bands, 
which are obtained from a gas or vapour, are sufficiently 
characteristic to show the chemical constitution of the vapours 
by which the light is emitted. It is on this account that 
spectrum analysis deals pre-eminently with the investigation 
of vapour spectra, and that for the examination of a substance 
which does not exist in nature in the form of gas or vapour, 
the first step is to place it in this condition. 

The temperature at which substances are 
volatilized varies greatly ; while the heat of an 
ordinary spirit lamp is sufficient for many, such 
as potassium and sodium, for others, especially 
the heavy metals and their compounds, the great 
heat of the electric spark ($ 5) or of the electric 
arc ($ 8) is requisite. For most practical pur- 
poses, however, as in laboratory work, the tem- 
perature of the non-luminous flame of the 
Mitscherlichs Bunsen burner is sufficient, as it will readily 

a“ volatilize the following metals, potassium, 

sodium, lithium, strontium, calcium, barium, 


Fıc. 75. 





csium, rubidium, copper, manganese, thallium, and in- 
dium, especially if in combination with chlorine. 

To distinguish the spectra obtained by these various 
processes they are termed (a) Flame spectra, (b) Spark 
spectra, (c) Arc spectra. 


(a) Flame Spectra. 

In using the Bunsen burner (Fig. 2), the air is first shut 
off from below, and a pure continuous spectrum of the 
luminous flame obtained by an accurate adjustment of the 
telescope and a careful setting of the slit. To prevent 





METHODS FOR TERRESTRIAL SUBSIANCES. 135 


flickering, the lower part of the flame is surrounded by a 
hollow cone of sheet iron; by the introduction of atmo- 
spheric air the flame is then rendered non-luminous, and 
only the upper very hot point of the flame made use of, 
into which the substances to be tested are introduced 
upon the end of an exceedingly fine platinum wire bent 
into a loop, this metal being unaffected by this high 
temperature. Upon the appearance of the spectrum the 
focus of the telescope is adjusted, and the slit narrowed 
sufficiently to ensure the sharp definition of the bright 
coloured lines. The drawback to this method is the short 
duration of the spectrum. To obtain one of greater per- 
manency Mitscherlich devised the following expedient. A 
solution of the substance to be examined is introduced into 
a small glass vessel a (Fig. 75), closed at the top and bent 
round at the lower end, which terminates in a narrow tube db. 
In this opening is placed a bundle of very fine platinum wire 
c, tightly held together by a platinum wire, and secured 
into the tube by the bent position of the wires. By capillary 
attraction, the liquid is continually drawn through the opening 
to the place of volatilization bythe platinum wick. A series 
of such tubes may be ranged round the circumference of a 
revolving table d (Fig. 76), so that the platinum wick of any 
one of them can be brought at will into the flame of the 
Bunsen burner A, placed near the edge of the table. An 
addition of acetate of ammonia to the solution assists the 
capillary action of the platinum wick. When properly 
adjusted in the flame this artifice allows the spectrum to 
be continuously observed for upwards of two hours. 

The platinum wick has of late been superseded by thin 
rods of gas-coke or asbestos, which give a still more lasting 
spectrum. Before being impregnated with the chlorides to be 
volatilized, they are purified by being boiled in acid. 
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(b) Spark Spectra. 

When the heat of the Bunsen burner is not sufficient to 
volatilize the substance to be investigated, recourse must be 
had to the voltaic arc or to the induction coil, the latter being 
preferable on account of its greater facility of management. 
The apparatus is employed in the usual manner by in- 
troducing the substance to be examined, whether solid or in 


































































































































































































Mitscherlich’s Apparatus for Permanent’ Spectra. 


a liquid form, between the platinum spark terminals. The 
spectrum of the spark is examined, or when this heat is 
insufficient, the spark is intensified by the introduction of 
a condenser. 

The effect of this method in general is to produce two 
spectra, superposed, one of the gas through which the spark 
passes, and the other of the substance volatilized by the 
heat of the spark. If electrodes of different metals are 
employed, and the spark is always allowed to pass through 
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the same gas, the spectrum of the luminous gas appears 
as if it were a background upon which the more intense 
spectra of the metals stand out in relief. 

The method of applying a Leyden jar (condenser) for 
intensifying the spark is shown in Fig. 77. M is the 
end of the induction coil, supplied with electricity from a 
powerful Bunsen battery of from six to eight elements 
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Intensifying the Electric Discharge by a Leyden Jar. 


(Fig. 10). The extremities of the coil are fastened into the 
insulated binding screws I and 2. From the first (I) of 
these pass two wires, one (4) to the binding screw d, and 
the other to the knob K, in connection with the inner 
coating of the intensifying jar R; from the second (2) also 
pass two wires, one to the binding screw a, and the 
other (3) to OÖ, where it is connected by the copper 
disc T with the outer coating of R. B and D are wire 
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holders for the reception of the metals to be examined, or 
for the insertion of platinum wires, the ends of which may 
be smeared with the substances to be investigated. The 
upper metallic arm abB is insulated from the lower arm 
d D by the intervening piece of ebonite, so that the 
passage of the opposite electricities accumulated in I and 2 
can take place only through the wires B and D at ;, and 
the spark can only pass when the quantity of electricity 
accumulated in the jar R is of such an intensity as to enable 
the discharge to break through the stratum of air between 
the wires B and D. Sparks produced in this way are 
shorter than those not intensified, but far more powerful, 
and are capable of volatilizing every metal. 

The most convenient contrivance for the examination of 
the spectra of liquids and of substances in a state of solu- 
tion is that devised by Seguin, of Grenoble. It consists of 
several glass vessels, d, d,, d, (Fig. 78), five or six inches in 
height, and rather more than an inch in width, inserted in 
the small table A B; these vessels are fused at one end, 
while at the other they are closed by corks. A platinum 
wire fused into the lower end of the vessels, and projecting 
into ihe inside, places the liquids they contain in connection 
with the negative pole of the induction coil, while a second 
platinum wire, fused into the narrow glass tubes a, a,, @s, 
passes through the corks from above, and projecting one- 
twentieth of an inch from the small tubes, remains some 
tenth of an inch distant from the surface of the liquids. By 
connecting the binding screws I, 2 on one side with the 
induction coil, and on the other side, as shown in the figure, 
with the platinum wire d of the first vessel, and a, of the 
last vessel, and by placing the other wires in connection, 
a with d,, a, with d,, etc., the current may be made to pass 
through all the liquids, and by the passage of the spark 
between the upper platinum wires a, a,, a,, and the liquids, 
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the substances in solution may be volatilized, and their 
various spectra obtained, 

When the induction coil is so regulated that the inter- 
ruption of the current and consequent passage of sparks 
takes place in rapid succession, the spectrum remains 


almost free from disturbance, and the apparatus works 
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The Becquerel-Ruhmkorff Apparatus. 


for hours together like an intense heat-lamp constantly 
fed with the substances to be investigated. As, however, 
by the rapid succession of sparks the liquids in the smaller 
glass tubes often become heated, wider tubes should be 
employed when the apparatus is to be used for many 


consecutive hours. 
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But even this arrangement has the disadvantage that 
when the spark is too short part of it is hidden by the 
convexity of the liquid, and when it is too long it branches 
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The Fulgurator. 


out in various directions, and fails to pass in tront of the 
slit.e. These evils have been remedied to some extent by a 
contrivance termed a /ulgurator. It consists mainly of a 
glass tube Ö (Fig. 79) opening above into a somewhat larger 
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receiver A, to which is attached a lateral feeding tube a. 
The platinum wire by which the receiver A is suspended 
to the brass rod x passes through the cork A into the tube 
b, and terminates at its mouth. The tube 5 passes through 
the cork into the glass vessel B below, which is connected 
at one side by the glass arm d with the reservoir C, and 
which receives the platinum wire c at its lower end. The 
reservoir C is provided with a small pipette 
terminating in an india-rubber ball, by which 
any liquid collected in the vessel may be drawn 
off and reintroduced at a. The lower platinum 
wire cinserted within B is connected by a brass 
chain to the clamp Z, while the upper one d in 
connection through x with the clamp X is capable 
of being raised or lowered, so that the distance 
between the ends of the wires within the tube B 
may be under control. 

When the clamps Z and X are put in com- 
munication with the poles of the induction coil, 





the spark passes between c and 5b; in con- a; 
EI Be Simple 

sequence of this action the liquid fo be examined Arrange- 
& & ment for 

flows drop by drop from A into B, where it the Con- 
tinuous 
Observa- 

into glowing vapour. The liquid which escapes a of Sn 
.1. . . : Spectra 0 
volatilization collects in B, whence it passes Vapours. 


encounters the spark and becomes converted 


through d into the reservoir C. 

By this arrangement the spectrum of a substance may 
be examined with the greatest ease by the hour together, 
while the liquid that is unconsumed is preserved from 
contamination and ready for further use. 

A simpler, and in most cases an equally efficacious con- 
trivance, has since been devised. It consists of a glass 
tube A Fig. 80) about four inches high, and about half 
an inch in diameter, closed at one end, and secured at the 
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other by the cork C, through which the capillary tube B is 
introduced. In this tube a platinum wire is fused, forming 
a positive electrode, which terminates above in a small loop, 
and extends below in a straight line to within a short 
distance of the lower negative electrode f. The latter is 
fused into the end of the tube A, and is covered with a 
small conical glass cap projecting about a fiftieth of an inch 
beyond /. 

When in use the liquid to be examined is poured into 
the tube A, so that the level «5 does not reach over the 
cap D; indeed, it is better that it should not rise more 
than half the height of D. By capillary attraction the 
liquid rises to the top of the cone, where it collects drop 
by drop, and is volatilized as the spark passes from d to /. 

Many advantages are secured by this simple fulgurator: 
the spectrum remains a considerable time ; observation is 
never hindered by the convexity of the liquid; nothing is 
lost of the solution that has been examined ; while from 
the simplicity of the contrivance a great variety of solutions 
may be prepared and kept ready for use. 

For these experiments, solutions of the various metallic 
compounds of chlorine in pure water are the most suitable ; 
when in a concentrated form they produce spectra of great 
intensity, but weak solutions will give spectra that are 
easily recognized. The spark is coloured more or less 
intensely according to the nature of the metal held in 
solution. The following metals give great brilliancy to it: 
chloride of sodium (yellow), chloride of strontium (red), 
chloride of calcium (orange), chloride of magnesium (green), 
chloride of copper (greenish-blue), chloride of zinc (blue) ; 
but various other compounds of barium, potassium, antimony, 
manganese, silver, uranium, iron, etc., give also very remark- 
able coloured light and corresponding characteristic spectra. 
One advantage attendant upon this method of investigation 
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is the absence of any spectrum from the platinum wires, 
inasmuch as the heat of the spark is insufficient to com- 
pletely volatilize this metal. 

The following arrangement was adopted by Bunsen for 
subjecting fluids to the action of the induetion coil. Stick 
charcoal, such as is commonly used by artists, is rendered 
a conductor of electricity by being subjected for many hours 
to a white heat whilst surrounded with powdered charcoal 
in a covered porcelain crucible. This in its turn is inserted 
in a fire-clay crucible. The charcoal sticks are then pointed, 
and the conical ends sawn off with a watchmaker’s saw. 
Five hundred such cones can easily be prepared in a day, 
so that there is no difficulty in having a good store of them 
for a series of observations. The charcoal points must next 
be purified from all foreign substances, such as silica, 
magnesia, manganese, iron, potassium, sodium, and lithium. 
To accomplish this they are repeatedly boiled in a platinum 
vessel, a thousand at a time: first in hydrofluoric acid, then 
in concentrated sulphuric acid, afterwards in concentrated 
nitrie acid, and finally in hydrochlorice acid; between each 
process the cones are boiled and rinsed in water, to remove 
all trace of the solutions. A small hole, corresponding to 
the platinum electrode, is next drilled into the base of the 
cones, and they are ready for use. For each experiment a 
fresh cone must be placed upon the electrode, and saturated 
with the requisite solution by means of a fine capillary tube 
slowly heated over a gas-flame. The charcoal cone weighs 
about 0'015 gramme, and can take up more than its own 
weight of fluid. The spectra produced last long, so that it is 
only at rare intervals that the cones require to be refilled. 
When saturated with solutions chemically pure, and therefore 
producing spectra of undoubted purity, the cones, as well 
as the solutions, may be stored away in glass bottles, and 
labelled, in order to serve for comparison spectra. 
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When using a single prism spectroscope, as may often be 
the case in laboratory work, and when a spark spectrum 
is produced by aid of a condenser, the induction current 
usually employed is of such a strength that the striking 
distance between blunt platinum wires should be from 4 
to } of an inch, the spark passing in a horizontal direction 
before a perpendicular slit. To shield the slit from the 
injurious effect of the acid which might be splashed upon 
it, it is closely covered with a plate of mica, which from 
time to time is removed and cleansed. 


(c) Arc Spectra. 


The intense heat produced by the voltaic arc ($ 8) is 
needed only in the rare instances when in scientific research 
the spectrum of a heavy metal is required in its most com- 
plete form, or when a record of all its lines is to be taken 
by photography. For the production of the voltaic arc a 
powerful battery of at least fifty elements is necessary, 
with a lamp having a regulator ($ 9), for maintaining 
a continuous arc. When the carbons are pure the 
spectrum of the arc is continuous,* and so brilliant as to 
overpower the spectrum lines of substances vaporized in 
the flame.. To diminish the excess of light, the carbon 
points must be kept as far apart as possible without break- 
ing the arc. By this means the central part of the flame 
becomes sufficiently reduced in brilliancy to allow of the 
spectrum of the substance brought under its influence to be 
observed. 

If the carbon points are replaced by metallic conductors, 
a very brilliant spectrum is formed in the centre of the arc, 
exhibiting all the characteristic lines of the metals. These 


* [This is not the case. The carbons are never pure, and there is 
always a spectrum of carbon vapour present.] 





Br 
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lines occupy in the spectroscope the same position* as when 
the spectrum is produced by the induction spark, with the 
difference that while the latter is intermittent owing to the 
interrupted discharge, the glowing vapour in the arc of flame 
remains unchanged so long as the arc remains unbroken. 

The voltaic arc, when formed from metallic poles, is of 
very unequal density ; for the vapour which keeps forming 
at each pole is subject to oxidation and dispersion through 
currents of air, and thus becomes less dense in the centre 
ofthe arc than at the poles, and this difference is the more 
apparent the further the poles are separated. When the 
poles are of different metals, the arc exhibits three different 
spectra ; the upper portion of the flame displays the vapour 
of the metal of the upper pole, the lower portion exhibits 
that of the lower pole, while in the middle the vapours of 
both metals are combined. If, therefore, the arc is observed 
in its vertical position through a vertical slit, these three 
spectra are received simultaneously. It is further to be 
remarked that the vapours are denser within the arc than 
at the outer edges. 

It had previously been noticed that the spectra formed 
from metallic electrodes vaporized in the heat of the spark 
were composed of lines varying greatly in length, but we are 
indebted to Mr. Lockyer for the careful study of this pheno- 
menon and for the discovery of its importance. In order to 
observe these short and long lines in all parts of the arc, 
and especially for the registration of their position with 
respect to the poles by means of photography, the lamp 
must be so placed that the arc is formed horizontally, and 
the image thrown by a lens in a direction coincident 
with the slit.e. It is evident' that the image of the slit 


* [The arc and ordinary spark spectra exhibit variations, and an 
air-break in the circuit when a condenser is used causes still greater 
variations to be exhibited.] 
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will coincide in the spectroscope with that of a section of 
the arc; if, therefore, vapours of various kinds are formed 
round the poles, each producing a separate spectrum, they 
may be individually examined, if the slit is placed perpen- 
dicularly to the length of the arc—that is to say, vertically, 
and may be traced from pole to pole by moving the slit 
along the line of the arc. The spectrum of the central and 
denser portion contains the most lines, while that of the 
outer portion shows but few. 

Fig. Sı exhibits the spectrum of iron in the neighbourhood 
ofthe / line, as photographed in this manner by Lockyer. 
The iron employed was not pure ; the lower portion of the 
photograph is the spectrum of the axis of the arc where the 
vapour was most dense; it exhibits all the lines which this 
portion of the arc can produce for itself alone. The longer 
lines reach to the extreme edge of the arc as far asthe vapour 
extended, and diminish in breadth in proportion as the vapour 
loses in density. 


(d) Observation of Gas-Spectra. 


In investigating the spectra of gases Plücker’s tubes are 
usually employed, the capillary portion being placed parallel, 
and close to the slit. On the passage of the current, the 
enclosed gas becomes intensely luminous in the narrow part 
of the tube, and a distinct spectrum is formed. In the 
use of these tubes, however, a special mercury exhausting- 
pump is requisite. The plan adopted by Ängström was to 
allow the electric discharge from a Leyden jar or induction 
coll to pass between two points of the same metal 
enclosed in the glass tube containing the gas. In this 
case the gas or metallic spectrum is more or less brilliant 
according to the distance of the points one from the other. 
The spectrum of gas should therefore be observed in the 
middle between the metal points, where it is most distinetly 
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marked, and most easily distinguished from the discontinuous 
spectrum of the metal. 

For observing the spectra of gases at atmospheric pres- 
sure, a convenient method, adopted by Dr. Huggins, is to 
cause the spark to pass between wires sealed in a glass 
tube, which is drawn into an open capillary at one end, 
and at the other is connected with the vessel in which 
the gas is slowly produced. The glass tube should be 
cut away in front of the wires, the edges 
ground flat, and a small plate of glass held 
air-tight over the opening by elastie bands, an 
arrangement which permits of any deposit on 
the inside of the tube being easily removed. 
By this method fresh portions of gas are con- 
stantly exposed to the spark, which is of 
importance when some of the compound gases 
are under examination, and some sources of 
impurity, which are possible when the gas is 





collected, are avoided. 








From the mode in which the Plücker tubes 





are constructed, it is extremely diffiicult to 




















obtain the gases with which they are filled in 

















ww a condition of absolute purity, and the same 
use LIES  diffieulty is experienced with regard to the 
electrodes attached to them, whether of platinum or alumi- 
nium. Both these inconveniences combine to render the 
spectrum of the gas often impure or confused by the 
presence of other spectra. To obviate these evils, Salet 
has substituted for the electrodes two bands of metal, sur- 
rounding the wide ends of the tubes,. The tubes are 
constructed of glass capable of resisting a temperature of 
red heat; and while being subjected to such a temperature, 
they are cleansed by a stream of pure and dry oxygen 
being passed through before receiving the gas to be ex- 
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amined. This eliminates the spectra arising from the de- 
composition of carbon by the spark, 

A tube of this description is shown in Fig. 82 ; it is placed 
in communication with the induction coil by the metal bands 
aand d, and produces the effect of two Leyden jars, the knobs 
of which are turned towards each other. The metal bands 
represent the outer covering, while the enclosed gas forms 
the inner lining. Every interruption that takes place in the 
current through the bands excites a corresponding current 
in the interior of the tube, and when connected with a power- 
ful induction coil, or with a Holtz machine, the electric action 
is so strong as to cause the centre of the tube to be intensely 


luminous. 


ZIUL, DESIGNATION AND DELINEATION OF THE LINES OF THE 


SPECTRUM. 


Not only the number of the spectrum lines of a sub- 
stance, but also their relative intensities, require careful 
attention. As the brilliancy of the lines increases with 
the temperature, so, as a rule, it is those lines which 
are particularly prominent at a high degree of heat that 
are the first to appear at a low temperature. These 
prominent lines, therefore, are the most suited for the 
recognition of a substance, and on this ground are called 
the characteristic lines. Such lines, according to their degree 
of brightness, are designated in each substance by the 
letters of the Greek alphabet, a, 8, y, 6, etc., being affıxed 
to the chemical sign denoting the substance. The spectrum 
of potassium (Fig. 83, No. I) has two characteristic lines, 
one red and one violet ; the, former, as the most intense, 
is therefore designated Ka, the latter K8. The bril- 
liant red line of lithium (No. 3) is designated Lia, the 
fainter orange line Li®; the characteristic lines of the 
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spectrum of barium (No. 6) are in the green; those uf 
ceesium (No. 8), (sa and (sß, are blue; those of rubi- 
dium (No. 7), Rba, Rb£, violet, and Rby Rbö, dark 
red; the most intense line of hydrogen gas (Plate XIV., 
No. 6) is red, and is designated Ha, the 
greenish-blue line nearly equal to it in 
briehtness Hß, and the much fainter violet 


110 


100 
ul 


line Hy, etc. 
The table in Fig. 83 exhibits the spectra 
‚observed by Kirchhoff and Bunsen as follows : 


EIN 


rt, Potassiom, 2, Sodium ; 3, Lithium; 4 


su 


Seonttem; 5. Calcıum ; 6, Barium‘;c 7, 
Rubidium ; 8, Cssium; 9, Thallium; 10, 
Indium, collated for easy comparison, with 
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a statement of the colour of the individual 
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lines, and a scale for determining their 
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Fıc. 84.—Diagram of the Spectrum of the Flame of Chloride of Strontium according to 
Bunsen 


relative distances. The colours marked 


50 


above No. I represent the solar spectrum 
with the most prominent of the Fraunhofer 


lines. g 


As the spectra of the same element 


BEREITEN Me | 


.differ greatly in various spectroscopes owing 
'to the variation in the indices of refraction 


20 


‘of the component prisms through which the 
relative position of the lines is consider- 


10 


‚ably affected, it naturally follows that no 
drawing, however accurate, of any portion 


0 


‘of a spectrum can be of real value unless 
‚accompanied by a scale by which the true 
position of the lines may be identified by their wave-lengths, 
and thus brought into comparison with the results of other 
instruments. The method of construction of such a scale 
is given in Appendix E. 

A spectrum may either be delineated, as in Fig. 83, bya 
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careful representation of all.the lines and bands in accord- 
ance with. their position, breadth, and degree of brightness, 
or according to Bunsen’s much simpler plan (Appendix F), 
as shown in Fig. 84, of drawing the scale of the instrument 
for every spectrum, and recording on 
it the various lines and bands with 
respect to their position, breadth, and 


brightness by means of short strokes. 


00. 


The proportionate length of these 


4 


strokes (ordinate) exhibits the rela- 
tive degree of brightness. 

This plan is specially adapted to 
spectra consisting of isolated bands 
of various brightness. An example 
of this is given in Fig. 85, where 
the remarkable variations in bright- 
ness of the lines in the spectrum of 
the star -Schjell. No. 273 (Eonner 
Durch. *+ 2° No. 4709) are graphic- 
ally. represented by Dr. H. C. Vogel. 
The rısing of the curve denotes an 
increase .n brightness, while the 


numbers correspond with the scale 


85.— Spectrum ofithe Star Bonner Durchmesser + 2° No. 4 


of the spectroscope. 


Fic.‘ 


42. [HE SOLAR SPECTRUM OF KIRCH- 


HOFF AND THE SPECTRA OF METALS. 





Kirchhoff and Hofmann mapped 
the spectra of a number of metals in order to compare their 
bright lines with the dark lines of the solar spectrum. We 
shall have occasion again to refer to these maps when dis- 
cussing the physical constitution of the sun ; for the present 


we shall. content ourselves with remarking that the solar 


ze 
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spectrum forms the basis in their construction, as the lines 
of the metals were introduced when the two spectra were 
The Fraun- 
hofer lines, therefore, serve as guides for the position of 


visible at the same time in the spectroscope. 


the bright lines of the metal. 

With the same object in view, Dr. Huggins recorded the 
spectra as given by the spark of twenty-four metals, 
to which he added those of hydrogen, carbonic acid, 
nitrogen, oxygen, and the air. The basis of these maps 
was the spectrum of bright lines given by air, which 
was divided into two portions, one from a to F of the 
Fraunhofer lines, and the other from F to H. 

Both of these maps are alike subject to the disadvantage 
that, being constructed upon an arbitrary prismatic scale, 
comparison with other results is rendered extremely difficult. 
For this reason the tables themselves are not in full agree- 
ment, as Kirchhoff, in order to preserve the minimum of 
deviation, often changed the position of the prisms, while 
Huggins allowed them to remain undisturbed. 

The following is a list of the elements included in 


Kirchhoff’s maps : 





ı Sodium 9 Strontium 17 Antimony 25 Aluminium 

2 Calcium ıo Cadmium 18 Arsenic 26 Lead 

3 Barium ır Nickel 19 Cerium 27 Silver 

4 Magnesium |12 Cobalt 20 Lanthanium | 23 Gold 

5 Iron 13 Potassium 21 Didymium |29 Ruthenium 

6 Copper 14 Rubidium 22 Mercury 30 Iridium 

7 Zinc ı5 Lithium 23 Silicon 31 Platinum 

8 Chromium ı6 Tin | 24 Beryllium 32 Palladium 
Huggins’ maps contain the spectrum lines of the 

following metals: 

ı Sodium 7 Thallium \13 Antimony ıg Lead 

2 Potassium 8 Silver ı14 Gold 20 Zinc 

3 Calcium 9 Tellurium |15 Bismuth 2ı Chromium 

4 Barium [ro Tin ı6 Mercury |22 Asmium 

5 Strontium 'ır Iron 17 Cobalt 23 Palladium 

6 Manganese 12 Cadmium 13 Arsenic 24 Platinum 
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It has already been shown ($ 27) that the relative position 
of the spectrum lines of a substance is dependent upon the 
number of the prisms and their refractive power. A record, 
therefore, of the position of any lines upon an arbitrary 
scale can lead to no conclusion as to the nature of the lines, 
or the rays producing them, unless certain conditions are 
also recorded by which the divisions of the scale may be 
converted into wave-lengths (Appendix E). Such a record 
presupposes that the wave-lengths have already been de- 
termined for a great number of the Fraunhofer lines, from 
which a wave-length curve may be constructed for any 
instrument provided with a scale or micrometer. 

Fraunhofer commenced this work by determining the 
wave-lengths of certain prominent dark lines of the solar 
spectrum. Subsequent observers, Ditscheiner, Van der 
Willigen, Mascart, and Gibbs, perfected his methods, and 
extended their measurements to a far greater number of 
lines. But it was reserved to Angström of Upsala to com- 
plete the task, in the accomplishment of which he expended 
a care and devotion which has secured for his work the 
stamp of completeness, and rendered it for all time a model 
of scientific research. 

In his “ Recherches sur le spectre solaire ; spectre normal 
du Soleil, Ängström first laid down in wave-lengths the 
visible solar spectrum. By means of a grating he and 
Thalen determined the wave-lengths of nearly 1000 lines 
to within the Zen millionth of a millimetre, and added, by 
interpolation, the lines not directly observed, finding by 
calculation their relative position with respect to those that 
had been measured. By a simple formula these wave- 
lengths taken in air may be reduced to their values in vacuo. 
Ängström’s maps are given in Plates VIII., IX., X., and XI,, 
and his catalogue of the wave-lengths of the lines of the 
solar spectrum will be found in Appendix G. 
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43. OTHER Mars OF THE SOLAR SPECTRUM. 


Since the construction of Kirchhoff’s and Ängström’s 
maps of the solar spectrum, so many additional lines have 
been rendered visible through improvements in the spectro- 
scope, that a reference to the maps for the identification 
of a line is no longer easy. A reconstruction of the maps 
to include all the new lines became, therefore, a matter of 
importance. This work was first undertaken by Lockyer, 
and subsequently by Vogel of the Potsdam Observatory. 
The first named has mapped the region 380 to 400 millionths 
of a millimetre, and the last named commenced with the 
portion between 5 and E. Vogel has completed most of 
the spectrum lying between the wave-lengths 480 and 540 
millionths of a millimetre ; but the work will not be extended 
to the less refrangible parts of the spectrum until the portion 
already completed has been compared with the spectrum of 
various parts of the solar surface. 


44. WAVE-LENGTHS OF LINES IN THE SPECTRA OF 
METALS By THAtEn. 


The registration of the spectrum lines, according to their 
wave-length, which gives such value to Ängström’s map of 
the solar spectrum, has since been extended by Thalen 
to the spectra of most of the metals. Wherever practicable 
the lines were compared direct with the solar spectrum, in 
other cases a wave-length curve was employed (Appendix E), 
and the wave-length of each line found by interpolation from 
the observed place in the prismatic spectrum. Of the forty- 
five metals examined, twenty-three were in a solid state, in 
as pure a condition as possible, namely, potassium, sodium, 
aluminium, magnesium, iron, cobalt, nickel, zinc, cadmium, 
lead, thallium, bismuth, copper, mercury, silver, gold, tin, 
platinum, palladium, osmium, antimony, tellurium, and 
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indium. They were volatilized by the induction spark of a 
powerful Ruhmkorff coil, and, when possible, were used 
as electrodes. The remaining twenty-two metals were exa- 
mined in chemical combinations, chiefly as chlorides, namely : 
lithium, caesium, rubidium, barium, strontium, calcium, 
beryllium, zirconia, erbium, yttrium, thorium, manganese, 
chromium, cerium, didymium, lanthanum, uranium, titanium, 
wolframium, molybdenum, vanadıum, and arsenic. The lines 
registered were restricted to such as could be readily seen, 
and undoubtedly belonged to the metal under examination. 

The scale gives the wave-lengths in hundred-thousandths 
of a millimetre; and the addition of two decimals enables 
the wave-length of a line to be ascertained with tolerable 
certainty to within the ten-millionth of a millimetre. The 
short lines which make their appearance as needle points 
at the edge of the spectrum, when the vapour is much 
increased in volume, are indicated in the maps by very 
short strokes. 

Thalen’s catalogue of the wave-length of these lines is 
given in Appendix H. 


45. SPEcTRUM Mars By LEcocQ DE BOISBAUDRAN. 


Another arduous: undertaking, recently accomplished by 
Lecocq de Boisbaudran, has been the careful examination of 
the spectra of a number of substances needed in laboratory 
work, with the accurate measurement of their lines. The 
spectra were produced either by a Bunsen burner or blow- 
pipe, or by a spark about an inch in length, without the 
use of a condenser. The measurements were made with 
a photographed and movable scale such as is described in 
$ 27. The results of this comprehensive work are given 
in the “Spectres lumineux,” in which the spectra are ad- 
mirably reproduced in twenty-eight plates. The lines are 
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represented according to the scale of the spectroscope 
employed, and also in a millimetre scale by which the wave- 
lengths may be read off. In one of the plates a wave-length 
curve is given, on which the numbers on the micrometer 
scale may be converted into wave-lengths to the ten- 
millionths of a millimetre. The letterpress accompanying 
each spectrum descriptive of the position, wave-length, 
breadth, and intensity of the lines, together with a specific 
statement of the characteristic lines of every spectrum, must 
be of the highest value to all workers in the field of 
spectrum analysis. 

The investigations include the spectra of the spark at 
both high and low tension, when passing between platinum 
poles, or between a platinum wire and hydrochloric acid. 
The spectra of the following substances, both as they 
appeared from a gas-flame and from a spark, were also 
examined in their different compounds: potassium, sodium, 
lithium, rubidium, caesium, barium, strontium, calcium, mag- 
nesium, aluminium, manganese, iron, cobalt, nickel, cadmium, 
thallium, indium, tin, bismuth, lead, antimony, copper, silver, 
mercury, gold, platinum, boracic acid, and phosphoretted 
hydrogen. The emissive and absorptive spectra of erbium 
and didymium were also investigated. 

The new metal, gallium, discovered by Lecocq de Bois- 
baudran during his spectroscopic researches, has a spectrum of 
two bright lines in the violet, the wave-lengths of which are 
417'0 and 403‘ millionths of a millimetre ; the former Ga «a 
is very intense, and must be regarded as the most charac- 
teristic line of the metal; the other line Ga $ is obviously 
less bright. 


46. Warts’ InDEX OF SPECTRA. 


For all who are engaged in spectrum analysis a compact 
summary of the lines of individual elements is of the greatest 
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assistance, especially if accompanied by drawings, in which, 
by the help of tables, every line may be identified by its 
position, intensity, and wave-length. Such a work, under 
the title of “ Index of Spectra,” has been produced by W. 
Marshall Watts, in which all the lines measured up to the date 
of its publication in the spectra of the elements are catalogued, 
and illustrated by seventy-eight lithographed drawings. 

In an alphabetically arranged list, each element is accom- 
panied by the names of the observers by whom the lines have 
been measured, together with the publications in which their 
observations have appeared. In the catalogue of the lines 
the number of the scale under which a line appears in the 
spectrum is given in the first column, and opposite this 
number the wave-length as computed by various observers. 
The last column contains details as to the brightness of the 
lines (see Appendix J). 


47. PLURALITY OF SPECTRA. 


Bunsen and Kirchhoff have shown that the degree of heat 
in which a substance is volatilized has no influence on the 
position of the coloured lines of the spectrum, but that it 
affects considerably their number and brightness. As the 
brightness increases with the temperature, it often happens 
that bright lines appear in the spectrum at a high tem- 
perature which were scarcely to be seen, or indeed were 
even invisible, at a lower one. The spectrum of thallium 
consists of a single bright green line when volatilized in 
a Bunsen burner ; but if the spark is allowed to pass 
between two thallium wires, many other lines become visible, 
among them a set of violet-coloured bands at some distance 
from the bright green line. Lithium in a moderate tempera- 
ture gives only one magnificent red line ; at a higher tem- 
perature a faint orange line makes its appearance, and with 
the intense heat of the voltaic arc, there is a further addition 
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of a bright blue band. The principal red line (Ka) of 
potassium can be made to appear and disappear, according 
as the temperature is increased or diminished. The spec- 
trum of sodium, if produced by a Bunsen burner, consists 
of a close pair of orange lines. If the temperature of the 
flame is raised, the brilliancey of this pair is immediately 
augmented, and the number of coloured lines is much in- 
creased. Ifthe sodium vapour is raised to the temperature 
of 2500°C. (45 32° Fahr.), the bright lines become so numerous 
that the spectrum becomes practically continuous. The 
sodium flame becomes whiter, and contains rays of every 
degree of refrangibility. 

Plücker and Hittorf obtained similar results in their re- 
searches on the spectra of luminous gases and vapours.. 
They proved the existence of two different spectra (of the 
first and the second order) in hydrogen, nitrogen, oxygen, 
phosphorus, sulphur, selenium, etc. The spectrum of the 
first order is a continuous one, with shaded bands * ; that 
of the second order consists of narrow bright lines on a 
dark background : the former appears with an electric dis- 
charge of moderate tension, while the latter belongs to a 
high temperature, such as can be produced in Geissler 
tubes by a high tension spark. 

Notwithstanding this, Angström emphatically stated that 
his observations had not convinced him that a variety of 
spectra were produced by the same gas, but that a gas, 
when pure, had only one spectrum, and that a spectrum of 
lines. Doubtless the spectrum was subject to modifications ; 
with an increase of temperature many more lines might 
appear, and a change take place in their relative brightness, 
but the fundamental character of the spectrum would remain 
unaltered. Ängström admitted that with an intermittent 
current and an increasing tension of the gas, the lines might 


* [These bands are resolvable into lines. ] 
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occasionally spread out, and even extend so far as to meet 
and produce a continuous spectrum ; but even in this case 
it could not be said that a new spectrum was formed. 

Upon the death of Ängström, Thalen still maintained this 
opinion, and to substances volatilized by the spark never 
ascribed other than a spectrum of lines. A variety of spectra 
displayed by the same substance is attributed by Thalen to 
the effect of allotropic modification. From a spectroscopic 
point of view, such spectra present all the characteristics 
of a compound body, which is being decomposed by the 
spark. The two spectra obtained from nitrogen by Plücker 
are, according to Ängström and Thalen, identical, inasmuch 
as the spectrum of the second order is only that of air, 
exclusive of the lines due to oxygen and hydrogen. 

The conclusions arrived at by Wüllner are of a completely 
opposite character. After going through a series of investi- 
gations on oxygen, hydrogen, and nitrogen, he found that 
different spectra were produced according as the density 
varied. 

The following remarkable phenomena are exhibited by 
hydrogen with a Ruhmkorff’s large induction coil when 
worked by a battery of six of Grove's cells, and with the 
occasional introduction of a Leyden jar (Fig. 77). .When 
the pressure to which the gas is subjected is much less 
than one-twentieth of an inch of mercury, the spectrum 
is discontinuous, consisting of six groups of extremely 
bright lines in the green. When the density of the gas 
increases, there appears Zemporarıly, when using a mode- 
rately strong induction current, a banded spectrum, I. order 
(Fig. 86, H. I.), which, however, on the pressure of the 
gas amounting to one-twentieth of an inch, soon changes 
into the Zine spectrum designated by Plücker as Il. order 
(Fig. 86, H. II.), and consisting of the three lines Ha (vivid 
red), Hß (bright green-blue), and Hy (blue-violet, and 
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fainter than the others). When the pressure of the gas 
exceeds that of one-tenth of an inch, a bright line appears in 
the red and in two places in the green, and with an increase 
of pressure the spectrum assumes more and more the 
character of a banded spectrum (I. order) extending from 
orange to blue, but still crossed by a series of bright lines 


between Ha and Hß. Up to a pressure of eight inches 
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Spectra of the Various Orders. 


this spectrum retains its full brilliancy, but as the pressure 
increases to sixteen inches it gradually loses in intensity, 
without its general character being essentially altered, ex- 
cepting that the individual lines, as was observed by Plücker, 
begin to widen. 

If the pressure is still further increased, the spectrum 
again becomes brighter, the yellow and the orange gradually 
reappear, the line Ha remains still very bright, but is some- 


what indistinet at the edges. From this line, however, a 
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completely continuous spectrum without bands extends from 
the orange to the violet, and is brightest where the line Hß 
was situated. With a further increase of density the bright- 
ness of the spectrum is throughout much increased ; under 
a pressure of twenty-nine inches, there is still a faint 
maximum of light perceptible at the spot Ha, which at 
a pressure of thirty-nine inches almost ceases to be 
noticeable. 

The spectrum ıs then completely continuous between Ha and 
Hß, like that of an incandescent solid body, only the bright- 
ness is somewhat differently distributed. The temperature 
of the tube is now raised so high by the heated gas that 
the bright orange pair of lines of sodium appear, due to 
the vapour of sodium given out by the glass. With a 
pressure of forty-eight inches the whole of the continuous 
spectrum is really dazzling. Under a pressure of fifty- 
two inches the electric discharge from the jar may still 
be made to pass through the tube, though it will only take 
place in flashes. 

The changes, therefore, through which the spectrum of 
hydrogen successively passes when the density is gradually 
increased from the minimum up to the maximum pressure 
at which the induction current ceases to pass are as follows : 
I, the spectrum of six lines in the green; 2, the temporary 
banded spectrum (I. order); 3, the spectrum of three lines 
(Il. order); 4, the more permanent and complete band 
spectrum (I. order) ; 5, the pure continuous spectrum. 

That the fluted band spectrum (Fig. 86, H. I.) differs 
essentially from the unshaded continuous spectrum is shown 
by Wüllner’s observations with the Leyden jar. When the 
condenser was introduced the fluted spectrum was not 
visible, but by an increase of pressure the spectrum of the 
three lines, Ha, Hß, Hy, passed at once by a widening 
of the lines into the unshaded continuous spectrum ; it 
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is therefore incorrect to describe a banded spectrum as a 
continuous spectrum of I. order, and also to speak of two 
distinct continuous spectra. 

Oxygen exhibits nearly the same phenomena. Under 
slight pressure there first appears a spectrum of bands; as 
the pressure increases, this spectrum gives place to what 
Plücker has designated a spectrunı of lines, which loses in 
brilliancy as the density of the gas increases, till at a 
pressure of eight inches it is scarcely visible. The brightness 
then augments, and at the same time there appears as a 
background an unshaded pure continuous spectrum, which 
becomes so brilliant in the red and yellow as to incorporate 
the lines of the other spectrum, which are no longer distin- 
guished by their greater brightness. 

In nitrogen, the change from the banded spectrum 
(I. order) to the pure continuous spectrum is very distinctly 
marked, since at a certain density of the gas the spectrum 
of bands I. order (Fig. 86, N. ı) disappears, and is replaced 
by the spectrum of lines (II. order) upon a dark background ; 
it is not till afterwards that the background becomes quite 
continuous and luminous. 

By a number of careful experiments Professor Schuster 
has shown that pure nitrogen produces but one spectrum,* 
and that a spectrum of lines and that the bands of flutings 
forming the spectrum of the first order are produced by the 
oxidation of the nitrogen under the influence of the electric 
spark. 

The spectrum of oxygen was also made by Schuster the 
subject of careful investigation. To secure himself from any 
deceptive appearances resulting from want of purity, he 
arranged that the gas should be throughout enclosed in 
glass, so that it should never come in contact with grease 
or indiarubber. Any possible influence from the electrodes 
* [This statement Professor Schuster subsequently withdrew. ] 


II 
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was eliminated by varying the metals employed, while 
contamination from the walls of the tubes was obviated by 
repeating the experiments in wide glass vessels. The results 
are in unison with those obtained by Wüllner. In the wider 
part of the tube there almost always appeared at first a 
continuous spectrum. When the spark passes under atmo- 
spheric pressure, it may be so weakened by placing the 
carbon points near the limit of disruption, that a continuous 
spectrum is formed instead of a linear one. The second 
spectrum is the ordinary linear spectrum given by a power- 
ful spark under ordinary pressure. Schuster’s experiments 
thus confirmed the compound spectrum of lines first observed 
by Plücker. It consists of one red, two green, and one blue 
line. It is always seen upon the continuous spectrum formed 
at a low tension, and appears first in the capillary part of 
the tube. By increased attenuation of the gas the continuous 
spectrum disappears, and the lines alone remain visible. 
If, atthe same condition of rarefaction, a spark of higher 
tension is allowed to pass, the ordinary spectrum of lines 
is seen, and the composite one entirely disappears. The 
spectrum of bands described by Wüllner, as formed from 
the negative pole, was observed by Schuster as also a 
fourth spectrum. 

In denying to hydrogen a plurality of spectra, Salet is 
quite in accord with Angström. The latter, in dealing with 
experiments that seemed to oppose his views, lays great 
stress upon the difficulty of preserving highly rarefied gas 
in a state of absolute purity. He mentions an experiment 
in which the air had been as nearly exhausted as is usually 
possible from a Geissler tube by a mercury-pump, and yet 
the following spectra were seen in succession :—the ordinary 
spectrum of air, the flutings of hydrogen, the spectrum of 
carbonic oxide, and the spectra of chlorine and sodium. The 
line spectrum was the only one allowed by Ängström and 
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Thalen to be characteristic of hydrogen ; with increased 
pressure it passes into a continuous Spectrum. 

From his experiments, Wüllner, on the contrary, came to 
the conclusion that the variations in the spectra of simple 
gases are dependent upon the kind of electric discharge 
by which they are produced, so that the band spectra are the 
product of an induction current, and the line spectra that of 
the electric spark. In some experiments made by Goldstein, 
however, the spectrum of nitrogen appeared as a banded 
one when a spark was used, while a Geissler tube, filled 
with rarefied hydrogen, gave a spectrum of bright lines when 
heated in a silent current. These and various other experi- 
ments led Goldstein to the conclusion that the different 
spectra were independent of the form in which the electricity 
was applied. In answer to this Wüllner points out that 
Goldstein’s conclusion is not justified, since wherever a 
closed electrical circuit is interrupted by sparks, the same 
effect takes place in any tube that may have been introduced 
into the circuit, because the rhythm of the discharge is 
everywhere the same. Wüllner had already made the 
experiment of allowing the spark to discharge into a tube 
filled with hydrogen, from the positive electrode alone, so as 
to lose itself in the lower half of the tube. When examined 
by a spectroscope the upper half near the spark yielded a 
spectrum of lines, while the lower half, where the spark had 
become diffused, produced a spectrum of bands. Wüllner 
also noticed that sparks, however rapid in succession, could 
never produce the effect of a continuous discharge, in which 
case no lines are shown. 

During a series of experiments undertaken by Wüllner in 
March 1873, it was demonstrated that a gap made in a closed 
induction circuit for the reception ofa tube containing rarefied 
gas did not always elicit sparks, even when the rhythm 
of the discharge was the same. The occurrence of sparks 


a 
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depends far more on the density of the enclosed gas and on 
the length of the gap. As long as the current passes 
through the rarefied gas without actual sparks, a band spec- 
trum is formed ; the moment sparks appear a line spectrum 
is added. 

Wüllner explains this phenomenon by supposing that the 
spark only causes those molecules to become luminous which 
lie directly in its path, illuminating, as it were, just one 
string of molecules. Consequently only the absolute maxima 
ofthe emissive power corresponding to the temperature of 
“the spark can show themselves in the spectrum. In the 
brush discharge from the positive electrode, on the contrary, 
the whole of the enclosed gas is rendered luminous, and 
there is, so to speak, a fhicker luminous layer; light, there- 
fore, of every wave-length for which the emissive power at 
a certain temperature is everywhere the same, will be found 
in the spectrum. But as the luminous gas is always in an 
extremely rarefied condition, the spectrum must exhibit 
variation in the emissive power for the different kinds of 
light, and the spectra will in consequence be fluted, as we 
find to be the case in a spectrum of bands. 

Lockyer regards the plurality of spectra from another 
point of view. He insists, first of all, that when gas is 
examined under moderate pressure, and not very high tem- 
perature, a simple spectrum of lines is obtained. If the 
pressure is gradually increased, so as to bring the individual 
particles nearer together, thus making the gas approach 
somewhat the condition of a solid body, the spectrum will 
also become more and more resembling that produced by 
the latter, until at length it assumes the form of a bright 
continuous spectrum. If hydrogen, for instance, is taken, 
and a Sprengel pump is used for three or four hours, the 
spectrum will be found to consist of only a single line. If 
the tube is refilled with gas at an ordinary atmospheric 
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pressure, and that pressure is doubled or increased ten or 
more times, not only will the green line at first seen become 
brighter and broader, but several new lines will make their 
appearance, which will each continue to gain in breadth until 
their individuality is lost. With a pressure of twenty atmo- 
spheres, the spectrum is as completely continuous as if 
produced by a solid body. Among the spectra of metals 
there are two forms in which they approach to continuity. 
In some cases, as in the examples given by Lockyer of 
calcium and aluminium, the continuous spectrum is built up 
by the widening of the lines, in others by an increase in the 
number of the lines, a notable instance of which was observed 
in the spectrum of the iron of the Lenarto meteorite. In 
explanation of this phenomenon, Lockyer holds that in the 
line spectrum the active agent is the individual atom, while in 
the banded spectrum it is the group of atoms or congregation 
of molecules. A similar view is held by Thalen. 

This much seems at present to be established, that among 
the causes affecting the plurality of spectra must be reckoned 
the density of the gas, the thickness of the luminous stratum, 
the strength of the electric current in which the substances 
are volatilized, together with the kind of electric discharge 
and the changes of temperature consequently produced. 
That magnetism also exerts a demonstrable influence upon 
the formation of spectra was first announced by Treve. 
Such modifications undoubtedly take place, yet, according 
to Ängström, “the effect of magnetism is to bring into 
incandescence irrelevant substances or irrelevant combina- 
tions.” According to this theory, the action of magnetism in 
certain cases somewhat resembles that of a condenser when 
applied to a Ruhmkorff coil: a kind of chemical action is 
set up, whereby certain combinations are either originated 
or facilitated, while others are impeded. A Geissler tube 
between the poles of an electro-magnet gave the ordinary 
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spectrum of carburetted hydrogen, but apart from the in- 
fluence of the magnet the hydrogen lines did not appear; 
the spectrum was that of carbonie oxide. Another tube 
filled with hydrogen obtained by decomposition of water, 
and dried by sulphuric acid, gave the two spectra of hy- 
drogen noticed by Plücker, and under the influence of 
magnetism was seen by Ängström to throw out Wöllner’s 
third spectrum of hydrogen—which Ängström always re- 
garded as the spectrum of sulphur—with the spectrum of 
carbonic oxide at the poles. 

Many more observations, and possibly new methods of 
investigation, are required before the conditions for the 
production of a plurality of spectra can be fully ascertained. 


48. CIAMICIAN’S INVESTIGATIONS ON THE INFLUENCE OF DEN- 
SITY AND TEMPERATURE UPON THE SPECTRA OF THE 
Non-METALLIC ELEMENTS, 


The labours of Ciamician form, as it were, a sequel to 
those of Wüllner. In studying the spectra of incandescent 
vapours formed by means of a powerful induction spark, 
he directed his attention to the effects produced by varia- 
tions in the density of the gas or vapour, as also by changes 
in the amount of tension and temperature of the spark. 

The changes produced upon the spectra of rarefied gases 
by increasing pressure showed themselves in an alteration 
in the relative intensity of the lines, followed by an increase 
in their breadth, and finally by the formation of a more or 
less developed continuous spectrum. The group of halogens 
exhibited many very remarkable points of resemblance in 
the phenomena of their spectra. For instance, the vapour 
of bromine in a rarefied state forms a spectrum resembling 
that of chlorine, the resemblance becoming closer as the 
rarefaction increases ; whereas in a denser condition the 
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spectrum resembled that of iodine. Inversely iodine only 
gave a spectrum corresponding to that given by bromine 
when the vapour of the latter was in a condition of very 
moderate attenuation ; when the vapour of iodine was of 
but slight density, the resemblance to bromine disappeared, 
and a relationship to the spectrum of chlorine made itself 
apparent. In a highly condensed state, however, the vapour 
of iodine formed a spectrum scarcely bearing any resem- 
blance to the spectra of the other halogens. The various 
spectra formed by the same substance under different 
eircumstances are termed by Ciamician partial spectra, the 
concurrence of which constitute the complete spectrum of 
the element. Examples of such complete spectra, as drawn 
by Ciamician, are given in Fig. 87, representing the spectra 
of chlorine, bromine, and iodine ; the lines of chlorine, how- 
ever, which when the vapour is condensed appear shaded off 
at the edges, are drawn as sharp lines. For the explanation 
of the bracketed groups of lines marked A’, B', etc., we 
must refer the reader to the original treatise. 

As certain lines maintain an unvarying intensity, while 
others fluctuate with the changes of pressure or temperature, 
Ciamician regarded the unchanging lines as those characteristic 
of the element, and out of these built up a characteristie spec- 
trım. Examples of such are given in Fig. 88. 

With a moderate temperature su/phur yielded the spectrum 
of the first order described by Plücker and Hittorf, which, 
upon the temperature being raised or on the introduction of 
a condenser, was supplanted by a spectrum of the second 
order as observed by Plücker, Hittorf, and Sale. Upon the 
temperature being still further raised, Ciamician noticed the 
gradual suffusion of a continuous glow in the red part of the 
spectrum, which increased with an increase in the density of 
the vapour, but never so as to obliterate the lines. 

With phosphorus, Ciamician was no more successful 
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than Salet in procuring a spectrum of the first order, and 
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the spectrum of the second order remained unchanged by 
an increase in the density of the vapour, the lines remain- 
ing sharp, while no trace of a continuous spectrum was 
visible. 


49. ABSORPTION OF LIGHT. 


Light, in the act of travelling through any medium, in- 
variably suffers loss ; it is more or less absorbed by the 
medium. This absorption varies greatly according to the 
constitution of the absorptive substance. If a ray of light 
is allowed to fall upon glass thickly coated with soot, the 
light, whatever its colour may be, is completely stopped by 
the soot. In this case the absorption is total. 

If we allow a ray of light to fall on white glass, it passes 
through, but we may easily convince ourselves that on 
emerging it is not so brilliant as before it came in contact 
with the glass. This is still more evident if the ray passes 
perpendicularly through a glass vessel, with parallel sides 
filled with water. Ifthe water is only an inch or two deep, 
a considerable part of the light is absorbed. If the light 
is white, and therefore composed of .all colours, it passes 
through without undergoing any manifest change in this 
respect, though the colours have each lost something in an 
equal proportion. Again, if asmoked or neutral-tinted glass 
is introduced between the source of light and the spectro- 
Scope, it will be seen that the light is diminished along the 
whole length of the spectrum ; that is to say, there has 
taken place, in contradistinction to what was called above 
total absorption, a partial absorption. 

A very different effect is produced when a coloured 
substance is placed in the path of the rays. Ifa beam of 
white light is allowed to fall upon a red glass, all the rays 
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will be absorbed except the red rays ; if upon blue glass,* 


all light will be absorbed except the blue rays. If both the 
red and the blue glass are placed in the path of the rays 
emerging from the prism, then nearly the whole of the 
spectrum is extinguished. These coloured substances, ac- 
cording to their tint, therefore select and absorb certain 
colours out of white light. With them a selective absorption 
takes place. 

It is thus evident that the phenomena of the emission 
and absorption of light, diverse as they are, yet offer striking 
parallels. They may both be either general or selective—- 
that is to say, emitted light may either contain rays of every 
colour, without a break in the continuity of their order, or 
consist only of certain selected, isolated colours; and in 
precisely the same way absorptive substances may either 
absorb light of every colour, or only light of some particular, 
selected colour. 

For the exhibition of the phenomena of absorption a 
continuous spectrum must always be first formed upon 
which the action of the absorptive medium may be shown : 
the effects produced by an absorptive medium upon a dis- 
continuous spectrum are more complicated, and therefore 
less easy to follow. 


50. SELECTIVE ABSORPTION IN SoLID BoDIks. 


The power of selective absorption in coloured glass has 
been already referred to. It is, however, rarely the case 
that coloured glass is transparent for only one colour ; most 
kinds of glass absorb rays of different colours, and allow 
others to pass through in very different proportions. The 
unassisted eye is unable to decide which of the coloured rays 
are transmitted through a coloured glass; this can only 


* [In all blue glass some red rays are transmitted.] 
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be determined by analyzing the light by a spectroscope 
or prism. 

If light transmitted through coloured glass is examined by 
a spectroscope, it will be seen that red glass transmits some 
orange and even some yellow rays, as well as the red, but 
that it entirely absorbs the green, blue, and violet rays; * 
blue glass transmits some violet and green rays, besides the 
blue, but absorbs all the red rays.f If the glasses are 
superposed, and a gas flame viewed through them, all light 
seems nearly extinguished ; the red glass absorbing the 
green, blue, and violet rays, and the blue glass absorbing the 
red rays, the small amount of light remaining causes the gas 
flame to appear ofa dull yellow. A combination of glasses, 
or indeed any single glass which absorbs all the coloured 
rays composing white light, is opaque, that is to say, black ; 
no glass is so perfectly transparent that absolutely no light 
is absorbed. 

The striking effects produced by the combination of glasses 
of various colours are due to selective absorption. Simmler’s 
erythrophytoscope is constructed on this principle, and 
consists of a pair of spectacles mounted with two different- 
coloured glasses, one of cobalt blue, and the other of 
proto-oxide of copper. By this combination the only light 
transmitted is the extreme red with a few of the blue-green 
and blue rays. Seen through these spectacles, foliage ap- 
pears a splendid ruby-red, the clouds purple, the sky blue- 
violet, and the earth grey-violet. Ifa glass of cobalt blue is 
combined with one of dark red, in the manner of Lommel’s 
erythroscope, the leaves and tops of the trees appear bright 
upon a dark background. With a dark red glass and a bright 
violet one, a combination termed a Melanoscope, vegetation 
appears black. Leaves of gelatine impregnated with litmus 


* [Ruby glass allows some blue to pass unless it be very deep in 
colour. ] r [See note;.p. 172%] 
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appear whitish at first, but with an increase in the thickness 
of the coating a blue tint is introduced, whilst a still thicker 
coating it converts to a purple red. This is an example of 
entire change of colour with an increase of thickness in the 
absorptive substance. Very thin leaves of gelatine coloured 
with litmus offer phenomena of extreme interest when ob- 
served with the spectroscope. A single sheet with a very 
thin coating of the absorptive substance shows a small band 
near D; an addition of several sheets widens the band and 
shows another between G and H, while a further increase in 
the number of sheets produces an absorption of the whole of 
the spectrum between D and H, until nothing but the red 
end remains visible. Corresponding to this the thick sheet 
of gelatine coloured with litmus appears also red to the eye. 

In the foregoing examples the phenomenon of absorption 
is accompanied with a very perceptible change of colour in 
the transmitted light. This, however, is not always the case. 
A didymium salt which is nearly colourless, if placed before 
the slit of a spectroscope, produces several dark lines, some 
of which are in the places where in the spectrum of incan- 
descent oxide of didymium bright lines occur. Similar 
absorption bands are formed by gelatine sheets coated with 
carmine or other colour soluble in water. Didymium salts 
are not the only ones producing marked absorption bands ; 
they may also be observed in the allied salts of erbium, 
cerium, lanthanum, as well as in the garnet, chalcolite, 
uranium, and zirconium salts. 


51. ABSORPTION OF LiGHT BY Liouips. 


The absorptive power of coloured liquids is in general 
much more decided and marked than that of coloured glass.* 


* [In reference to this it must be remarked that the colour given 
to glasses is usually caused by an excessively minute and even 
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No colouring matter has yet been found which will absorb 
or transmit only one kind of coloured rays. Even the 
apparently pure colours of aniline are very far from being 
really pure. Fuchsin yields a spectrum brilliant in the red 
and orange which reaches nearly to D. Soluble blue shows 
a spectrum from the beginning of red almost to D, besides 
a bright portion in the blue and a faint light in the green. 
The colours of liquids as seen by white light may be said to 
be mixed colours; and the absorption which they exercise 


varies with the strength of the solution. 
Fıc. 89. 


If the phenomena of absorption are to be 





exhibited by the electric light or the Drum- 
mond light, it is desirable to choose those 
coloured liquids which show their absorp- 
tion in a very characteristic manner, as, 





for instance, a solution of chlorophylI—the 











green colouring matter of leaves—in ether, 


















































a solution of the colouring matter of human 






































blood, or a thin layer of potassium perman- 3 
ganate solution in water. , 
If a continuous spectrum of white light 

is projected in the usual way, and a glass vessel (Fig. 89) 
with sides composed of flat plates containing the chlorophyli 
solution introduced into the path of the rays, the spectrum 
on the screen will be seen to change. Dark bands (Fig. 90, 
No. 2) appear in the red, as well as in the yellow, green, 
and violet ; the green chlorophyli solution does not there- 
fore absorb the whole of the red and yellow rays, but only 
those of a certain wave-length ; it exerts the same influence 
on most of the blue and violet rays, while it transmits 


immeasurable film of colouring matter flashed on to one or both 
surfaces of a white glass plate. The thickness of these films, and 
not that of the glass, must be compared with solutions as regards 
intensity of absorption. ] 
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1 


unchanged all the other colours. The spectrum depends 
greatly upon the strength of the solution : if concen- 


trated, the whole of the blue and green is absorbed, and 
the light transmitted by the liquid is red. The absorp- 
tion spectra of a solution of chlorophyll in alcohol according 
to the varying strength of the solution is given in Fig. 91, 


after drawings by Pringsheim. The thickness of the 
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Spectra of Absorbent Substances. 


stratum of liquid through which the light passed is given in 
millimetres. The lowest spectrum z is that most frequently 
observed; it shows the bands I., II., III., IV., well-defined 
and clearly separated, while beyord E the absorption is total. 
Thin layers of- very weak solution (a, b, Fig. 91) show only 
band I. as a shaded line; with a stronger solution this 
becomes a dark band; as the strength increases bands V,, 


VI., and VII. are formed in the second half of the spectrum, 
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and subsequently bands II. and IV. appear almost simul- 
taneously, and are succeeded by band III., as shown in the 
spectra e, /, g. Variations in the order of these phenomena 
occur, and they probably arise from chemical changes in the 
substance or from alterations in the intensity of the light.* 
The green colour of vegetation is in fact the residue of 
the solar light after the rays above figured have been 
absorbed by the chlorophyli held in the cells of the vegetable 
tissues. The scattered green light reflected from a mass of 
foliage gives the absorption spectrum of chlorophyli; and 


Fıc. 91. 
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Absorbent Spectra or Chlorophyll. 


this serves to explain the wonderful effects produced in 
the appearance of vegetation by combinations of coloured 
glass. 

If the experiment is continued with an extremely dıluted 
solution of fresh arterial blood, the red in the spectrum will 
be intensified, while the blue and the violet will be nearly 
extinguished. Fig. 90, No. 3, shows in the yellow and 

* [The spectrum of chlorophyll has been studied still more 
recently with great care by Russell, and he has shown that 


certain of the bands may be made to shift by the addition of acids 
or alkalies. ] 
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commencement of the green two dark blood bands, with 
a faint green stripe interposed. 

These phenomena are much more evident if they are 
observed through a spectroscope instead of being projected 
on a screen; the coloured liquid is then placed immedi- 
ately in front of the slit, and the spectra viewed direct. 
It is needful for this purpose to have small glass troughs 


with parallel sides, similar to the one drawn in Fig. 89, 
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Observations of Absorption. 


but Stokes recommends * carefully selected test-tubes, which 
may be filled with the requisite liquid, and placed, as shown 
in Fig. 92, close in front of the slit by means of a sup- 
porting ring fastened to the end of the spectroscope. 

The phenomena of absorption are in general best seen 
when sunlight is employed, for which purpose the apparatus 
shown in Fig. 93 is convenient. By means of a heliostat A 


the solar rays are thrown either direct or through a diaphragm 


* [Not in preference to properly constructed cells, but as being 
more readily obtainable. ] 
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B upon the glass vessel C containing the liquid. Thence 
they pass through the slit in the screen D to the spectro- 
scope E. 

By this method Professor Morton has made a series of 
investigations upon the various compounds of uranium, and 
has brought out very strikingly the connection between 
absorption and fluorescence. Two of the spectra obtained 
are given in Fig. 94. No. I is the spectrum of potassium- 
urano-fluoride, and No. 2 that of fluoride of uranium. Fig. 95 
exhibits other absorption spectra, by the same observer, as 
follows: No. I of ammonium sulphate, No. 2 of double 
sulphate of ammonium and uranium, No. 3 of magnesium 


Fıc. 93. 





Apparatus for Absorption Investigations. 


sulphate, No. 4 of rubidium sulphate, No. 5 of sodium 
sulphate, and No. 6 of thallium sulphate. 

In many cases the smallest changes affecting the liquid— 
whether from chemical action, or from dilution, or frem 
variations in the thickness of the stratum of the Hquid—are 
accompanied by corresponding changes in the absorption 
bands, so that it is possible, from the position, breadth, and 
intensity of the bands, to reason backwards as to the nature 
and condition of the liquid. 

The absorptive aetion of blood on the spectrum is ex- 
ceedingly powerful, for it was noticed by Valentin, when 
experimenting with blood solutions, that the dark bands 
remained visible when the solution was so weak that the 
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proportion of blood to water was only I to 7004. His 


observations also went to show that blood, when dried, and 
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Fıc. 94.— Absorption Spectra after Morton. 


three-quarters 


produce 


the 


eye 


a 


no 


decided 


colour 


in the form of powder, would yield an 
absorption spectrum, even though the 
quantity was no more than is some- 
times brought into courts of justice as 
evidence of guilt, and barely suffices 
to produce a pale yellow solution. 
In such cases the bands would be 
very pale, and occasionally there 
might be even a doubt as to their 
existence; but in the most extreme 
instances the corresponding parts of 
the spectrum, even if somewhat dark, 
would become perceptibly darker. 
The subjects of Valentin’s experiments 
were of the following nature: a block 
of wood, which had served as a dis- 
secting table, but which had lain un- 
used for more than three years in a 
damp place; a similar piece of wood 
stillin actual use; an old rusty hook, 
from a butcher’s shop, on which meat 
had been wont to hang; and some 
blood-stains from one to four years 
old, -adhering to various garments, a 
playing-card, and a glass tube. 

If, with the same degree of con- 
centration, the stratum of liquid is 
thickened, the blood bands increase 
in intensity. A stratum, not more 
of an irch ın thickness, will often 
indication of blood bands, though to 


is visible by transmitted light, and 
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only a tinge of yellow by direct illumination. Fig. 96 
exhibits the absorption spectra of human blood, as 
observed by Sorby: No. ı is that of fresh scarlet blood, 
No. 2 that of deoxidized blood (cruorin). By the action 
of an acid the cruorin is converted into haematin, which 
gives a spectrum composed of an entirely different set 
of bands; and haematin can again be oxidized and re- 
duced, until it exhibits the dark bands shown in Nos. 


3 and 4. 


RR A AAE 
Ki "ER 13 a \ 
-y 





Bu | 







































































































































































Absorption Spectra after Morton. 


Valentin extended his investigations over a number of 
anodyne tinctures as well as the bright coloured liquids 
produced by the action of sulphuric acid upon certain 
poisonous alkaloids, but he failed to discover in any of 
them a spectrum so specially characteristic as to serve for 
identification. 


52. THE MicROSPECTROSCOPE. 


The object of this instrument is to facilitate the observa- 
tion of the absorptive phenomena of small solid and liquid 


bodies, such as are prepared for microscopic examination. 
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Ihe spectroscopic part of the instrument is so arranged that 
it can be applied to any microscope by fixing it in the place 
of the eye piece. 

Fig. 97 gives a perspective view of the instrument, and 
Fig. 98 a section showing the internal construction. The 
tube A encloses a second tube carrying a direct vision 
system of five prisms c, and an achromatic lens / (Fig. 98) ; 


by means of a milled head B, with screw motion, this 


Fıc. 96. 
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Absorption Bands of Human Blood. 


inner tube can be made to slide, so as to bring the slit 
in the focus of the lens /, so that the rays from the 
slit, after passing through the lens, fall parallel on to the 
prisms. 


DD is the stage on which the objects for comparison— 





liquids between plates of glass or in small tubes—.are 
secured within notched edges, by means of metal springs by 
which the small glasses are held in such a position that the 


light, after its passage through the liquid, reaches a square 
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opening in the middle of the stage. Hence, as Fig. 98 
shows, through a side opening o it enters the principal 
tube, and falls upon the reflecting prism P, which acts 
as a comparison prism. When not in use, the square 
opening in the stage DD is closed by a sliding plate by 
means of the screw E, so that the .side-light may be 
excluded. 







































































The Microspectroscope. 


Fig. 99 shows the construction of the slit.. The plate 
n is stationary, and the motion of the plate m by means of the 
screw H and an opposing spring serves to regulate the 
width of slit. The length of the slit is adjustable by means 
of the covering plate $ under control of the screw c, acting 
against a spring. A portion of the slit is covered by the 
prism R, upon which the light from the object for comparison 


falls in the direction from o, and is reflected upon the system 
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of prisms c, together with the light coming through the 
unobstructed part of the slit (Fig. 99). Thus two spectra 
are received in juxtaposition, one produced by the light 
passing through the tube G, the other by the light transmitted 


through the liquid upon the stage DD. 


Fıc. 98 





Section of the Microspectroscope. 


The microspectroscope is brought into use by removing 
the tube A, with the prisms, and inserting the tube G into 
the eye-piece tube, so that the slit at the eye end shali be 
parallel to the inner slit. The object-glass is then screwed 
into the lower part of the microscope, the substance to be 
investigated laid upon the stage, and illuminated, according 


as it is transparent or opaque, with a mirror from below, or 
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by means of an achromatic condenser from above, and the 
focus adjusted. For this purpose it is requisite that the slit 
by means of the screw H should be opened wide. The tube 
A, with the compound prism, is then replaced, its position 
regulated with regard to the slit by the screw B, and the 
width of the slit adjusted until a well-defined spectrum is 
obtained. As each portion of the spectrum possesses a 
different degree of refrangibility, the prisms must be 
especially adjusted for each of the delicate absorption lines. 
It need scarcely be remarked that in these investigations only 
low powers are employed. 

If used in daylight, the micro- De: 
scope must be directed to a 
bright part of the sky (Fig.:i97), 
and the mirror I serves to in- 
tensify the light upon the liquids 
on the stage DD. 

For the determination of the 
position of the absorption lines, 
the upper cover of the tube A is 
removed and replaced by one 





(Fig. 100) provided with a lateral Adjustments for the Slit in the 
tube aa. In this tube the lens e Dauer 

can be adjusted by the screw d, while in front is a con- 
trivance for carrying an opaque glass plate d, on which is 
photographed a fine transparent line or cross, and which 
may be moved backwards and forwards by the micrometer 
screw M—see Fig. 45—and the amount of motion measured. 
In front ofthe opening of the tube a a hangs the mirror S 
by which light is reflected on to the glass plate d. By 
turning the micrometer screw M the light transmitted 
through the glass plate is thrown into the tube A A, in the 
form of a bright line, and the lens e adjusted to such a 


position as to direct the image of this line upon the upper 
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surface of the range of prisms c, whence it is reflected in the 
direction of the principal tube, and reaches the eye at the 
same time as the spectrum. A bright line or cross is thus 
seen upon the spectrum, and, by the screw M, may be placed 
upon any absorption line, and the relative distances between 


any dark lines in the spectrum measured. 


FıG. Ioo, 





Micrometer for Measuring the Absorption Lines. 


To facilitate the micrometric measures the instrument is 
provided with a scale, formed of a spectrum about 5 inches 
long, containing the chief Fraunhofer lines. The screw head 
M is divided into one hundred equal parts, and the readings 
of these divisions made to coincide with the divisions in the 
scale. When the position of a line is required in the 
spectrum under examination, all that is needed is to bring 


the line of light exactly over it by means of the screw M, and 
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read off the number. The numbers read off for the various 
lines need only be compared with the divisions of the scale 
of the normal spectrum, in order to determine the position of 
these lines in the spectrum for all similar investigations. 
Should a more complete representation of the absorption 
spectrum be required, it is only necessary to draw the lines 
according to the numbers read off on the micrometer screw- 
head upon a spectrum furnished with the scale of the normal 
spectrum. 


Kie Tor. 


53. ABSORPTION OF LIGHT By 


GASES AND VAPOURS. 


As has been already said, 
colourless gases only weaken 
the intensity of the light they 





transmit, and exert no selec- 
tive absorptive power upon Glass Globe for Absorbent 
Vapours. 
any rays; and coloured solid ’ 
and liquid bodies wholly absorb certain rays, and entirely 
transmit others, thus producing wide absorption bands ex- 
tending sometimes over whole groups of colours ın the 
continuous spectrum. Coloured gases and vapours, how- 
ever, show only narrow dark bands which, like black lines, 
traverse not unfrequently every colour in the continuous 
spectrum. 

For the exhibition of these absorption phenomena a glass 
globe (Fig. 101) is employed, smoothly polished inside, and 
capable of being closed at both ends by pieces of plate glass. 
The vapours for examination are introduced into the globe 
by a side opening; but if it is desirable that they should 
be formed during the investigation, the substances required 
can be placed in the vessel by removing the cover, and 
vaporized by a careful application of heat. The globe must 
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be placed immediately before the prism, or close in front of 
the slit of the spectroscope, and in such a position in the 
path of the rays that they may pass through the inside of 
the sphere perpendicularly to the glass plates covering it. 

To exhibit the absorptive properties of nitrous acid gas on 
a large scale, the electric lamp or the Drummond light must be 
employed, and the continuous spectrum of white light thrown 
upon the screen in the manner described in $ 18, Fig. 29. 
If the globe filled with the red vapour of nitrous acid 
(nitrogen tetroxide)* is placed in front of the prism, the 
spectrum will appear crossed by dark bands, while the violet 
end has disappeared. By heating the vapour these bands 
become stronger, and new bands successively appear, until 
all the coloured portions of the spectrum are absorbed, and 
not a ray of the electric light is able to penetrate the 
vapour. Brewster carried the process so far as to render 
the gas entirely opaque even to the sun’s visible rays. The 
absorption spectrum of this gas is shown in Fig. 90. 

If some pieces of iodine are placed in the globe and heated, 
a violet vapour is produced, through which the electric light 
may be sent. The phenomena which are then seen differ 
greatly from those before exhibited; by slightly widening 
the slit a large piece of the spectrum, from the beginning of 
the yellow to the blue, appears to be cut out, and if the slit 
is contracted so as to obtain a purer spectrum, this broad 
dark belt resolves itself into numerous fine dark lines, 
which are seen to cross the whole of the spectrum from 
the red to the beginning of the blue. If the absorption 
spectrum of the vapour of iodine in a test tube is 
examined by means of a spectroscope, the whole of the 
orange and yellow will be seen crossed by numerous fine 

* The vapour is obtained in the simplest and most convenient 


manner by heating nitrate of lead, a process which may take place 
either in a separate vessel or with care in the glass globe itself. 
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black lines which increase so much in the green that they 
are scarcely separable, and appear to form a shaded band. 
With instruments of great dispersive power these dark 
bands are resolved into very fine lines, increasing in number 
and intensity towards the middle and darkest portions of 
the bands. * 

Other coloured gases yield similar absorption spectra, 
particularly the vapours of bromine, hydrochlorice acid, 
perchloride of manganese, also, according to Morren, of 
chlorine,f etc. ; while there are other vapours, such as those 
of sulphur and selenium, which, although coloured, do not 
occasion any absorption bands in the spectrum. 

Aqueous vapour also exercises an absorptive action upon 
light, and its absorption lines are very noticeable in the 
spectrum of solar light, and that of diffused daylight. We 
shall leave the consideration of the details of these 
phenomena till we come to the discussion of the solar 


spectrum. 
Fi ’ 


54. RELATION BETWEEN THE EMISSION AND THE 
ABSORPTION OF LIGHT. 


When it is remembered that solid bodies in a state of 
incandescence emita much greater body of lightthan do gases 
in a similar condition, and that they are able to absorb 
a much greater quantity of the light falling on them, —in 
certain circumstances even the whole of it,—through the 
transfer of the ether vibrations to their ponderable atoms ; 
when, further, it is remembered that just those substances 
that give out heat with the greatest facility, and in the fullest 


* [The absorption spectrum of iodine vapour is a most beautiful 
one when examined with good dispersion; the bands composed 
of fine lines are rhythmical, as are also the lines themselves. ] 

f [Principally situated in the ultra-violet. ] 


190 SPECTRUM ANALYSIS. 


quantity, are also the most capable of.receiving heat from 
without or absorbing it, the thought is suggested that there 
must be an intimate connection, a certain reciprocity between 
the power of a body to emit light (emission) and to absorb 
it (absorption). That the temperature of the substance 
has an influence on this relation between its emissive and 
absorptive powers is proved by the phenomena of the gaseous 
spectra of the first, second, and third orders ($ 47), as well 
as by the variety of absorption spectra exhibited at different 
temperatures by the same substance. A century ago the 
eminent mathematician and physicist Euler, in his “ Theoria 
lucıs et calorıs,” enunciated the principle that every substance 
absorbs light of such a wave-length as coincides with the 
vibrations of its smallest particles. Foucault mentioned in 
his work on the spectrum of the electric light, published 
in 1849, that owing to the impurity of the carbon points, 
the intense yellow sodium line appeared, and was changed 
into a black line when sunlight was transmitted through the 
electric arc. In October 1841 it was remarked by Brewster 
that when nitre was burnt upon charcoal, bright, well-defined 
lines appeared corresponding with the dark lines Aa and B* 
ofthe solar spectrum, which led him to suspect that there 
was an intimate connection between these phenomena, though 
he did not further prosecute his researches in this direction. 
In 1852 Professor Stokes, in considering the coincidence of 
the double bright line of sodium with the double dark line 
D of the solar spectrum, more clearly recognized the 
significance of the phenomenon, and offered the following 
explanation : The light given out by an incandescent vapour 
depends upon the vibrations of its molecules, in the same 
way as the tone of a note of a piano depends upon the 
vibrations of the string. If a note is sounded in a room 


* [The Fraunhoferic lines so designated do not coincide with 
those obtained from the nitre. ] 
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where there is a piano, it will be found that the string 
answering to that note will respond by giving out the same 
tone. The same thing occurs with regard to light; when 
light passes through a vapour, the molecules of which have 
power to vibrate in any certain relationship, these are 
stimulated by the rays of light passing amongst them to 
vibrate in concert with them, but only such rays can transfer 
their vibrations to the gas molecules as are vibrating in 
unison with them. But in proportion as the light transmits 
to the gas molecules its own vibrations, it loses energy itself, 
and becomes weakened or extinguished, but this can only 
occur in such rays as vibrate in coincidence with the gas 
molecules. It is evident that it depends entirely upon the 
nature of the vapour through which white light passes which 
portions of the light will be lost, or, in other words, which 
colour will be weakened or absorbed by the vapour. When, 
for instance, white light passes through vapour of sodium, 
the only rays* which will be weakened will be those cor- 
responding to the two yellow lines of this vapour, and in 
contrast to the other rays they will appear dark.f 

Ängström gave expression as early as the year 1853 to 
the general law that a gas when luminous emits rays of 
the same refrangibility as those which ıt has power to absorb, 
or, in other words, that Zhe rays which a substance absorbs 
are precisely those which it emits when made self-luminous. 

But all these facts remained isolated, and there was yet 
wanting the comprehensive grasp of a general physical law 
under which the individual phenomena could be arranged. 
It was reserved to Kirchhoff to discover this law, and to 


* At this very time this subject was engaging the attention of 
Professor Balfour Stewart, who subsequently offered an explanation 
essentially agreeing with the foregoing. 

t [This is only true when the sodium vapour is at a low tem- 
perature. ] 


192 SPECTRUM ANALYSIS. 


establish triumphantly its truth, not only by mathematical 
proof, but also in many striking instances by experi- 
ment. 

In the year 1860 he published his memoir on the relation 
between the emissive and absorptive powers of bodies for 
heat as well as for light, in which occurs the celebrated 
sentence: “The relation between the power of emission and 
the power of absorption for rays of the same wave-length is 


>” This axiom 


constant for all bodıes at the same temperature. 
announces one of the most important laws of nature, and, 
on account of its importance, will render the name of its 
illustrious discoverer immortal. 


55. REVERSAL OF THE SPECTRA OF GASES. 


From Kirchhoff’s law it follows that gases and vapours 
in transmitting light absorb or degrade in intensity precisely 
those rays (colours) which they themselves emit when 
rendered luminous, while they remain transparent to all 
other coloured rays. lLuminous sodium vapour, for example, 
gives under ordinary circumstances a spectrum of a close 
pair of bright yellow lines; it emits therefore this yellow 
light only. If the white light of the sun, the electric arc, 
or the oxyhydrogen lamp is allowed to pass through the 
vapour of sodium, the vapour will abstract or extinguish 
from the white light just those yellow rays which it emitted 
when in a luminous state. While the greater part of these 
yellow rays are absorbed by the sodium vapour, all the other 
rays—the red, orange, green, blue, and violet—pass through 
nearly undiminished. 

Kirchhoff’s experiments admit of easy repetition by means 
of a direct-vision spectroscope, or even with a small pocket 
spectroscope. After a distinct spectrum has been formed 
from the white light of a lamp, a glass tube closed at either 
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_ end by glass, from which the oxygen of the air has been 
expelled by the introduction of hydrogen gas, and in which 
are laid some pieces of metallic sodium, is placed in front 
of the slit. The glass tube is heated by means of the spirit 
lamp or gas-flame, and part of the sodium is converted 
into vapour; a dark line soon makes its appearance in the 
bright yellow of the continuous spectrum of the oil lamp 
precisely in the place where the sodium vapour when 
rendered luminous by heat shows its yellow line. To prove 
this it is only necessary to replace the sodium tube by a 
spirit ffame on the wick of which some common salt (chloride 
of sodium) has been rubbed, and to screen the light of the 
lamp: the luminous sodium vapour produces the yellow line 
precisely in the same place in which the yellow light was 
before absorbed from the continuous spectrum and the dark 
line formed. 

Opticians furnish strong glass tubes half an inch in width, 
closed at both ends, and filled with hydrogen gas and a 
small quantity of sodium. On being slowly and gradually 
heated, the sodium becomes vaporized. If such a tube is 
held vertically close in front of the slit, and the white light 
of a petroleum lamp or gas-flame, or, what is preferable, the 
light from incandescent lime, is allowed to pass through the 
tube containing sodium vapour before entering the slit, a 
dark line is visible precisely in the place of the bright sodium 
line. By the use of a spectroscope of strong dispersive 
power the bright sodium line appears doubled ; accordingly 
with such an instrument the dark absorption line of sodium 
vapour also appears double, and situated precisely in the 
same place as the two bright lines. 

In the same way, by employing the vapours of lithium, 
potassium, strontium, and barium, Kirchhoff and Bunsen 
cut out of a continuous spectrum precisely the same bright 
colours which these vapours emit when luminous. Lumi- 
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nous lithium vapour (Fig. 83) gives a spectrum of one intense 
red line and a fainter orange one ; lithium vapour absorbs 
these identical rays, the absorption of the orange ray being 
less marked than that of the red. 

In this field of investigation, by means of a powerful 
induction machine and a battery of fifty elements, Cornu has 
succeeded in reversing the bright lines of a great number of 
metals.* His mode of proceeding was as follows. The 
positive pole consisted of a cylinder of carbon from 24 to 
3 inches in diameter, in which a hollow was formed for the 
reception of the metal to be examined. The negative pole 
was then brought so near that the electric arc was scarcely 
4-inch long. By means ofa lens the image of this arc was 
thrown upon the slit of a spectroscope. If, for instance, 
a piece of magnesium was placed in the hollow of the carbon 
forming the positive pole, there would appear in the spectrum 
the triple line d with great sharpness and brillianey. But if 
the upper carbon was made gradually to approach the lower 
one, the lines would be seen to widen and become less and 
less defined, till at last there would appear a fine black line 
upon the side of least refrangibility. By bringing the carbons 
still nearer together the second, and finally the third bright 
line would change into dark lines. 

The reason why the bright lines did not become reversed 
at the same time is worthy of notice. It was remarked by 
Cornu that the lines that first changed were always those of 
least refrangibility, and that the changing of bright to dark 
lines proceeded as the temperature advanced. He gives the 
following table of the lines he has been able to reverse; the 
metals are arranged nearly according to the facility with 
which their lines become reversed, and are given with 


* [During Lockyer’s comparison of metallic lines with the solar 
spectrum he noted the reversal of many lines which up to that time 
had not been observed reversed. ] 
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their colours and their wave-lengths in millionths of a 
millimetre : 








Sodium yellow lines . 5 ..589 
Thallium green line 3 i 10338 
Lead violet line R R . 406 
Silver | green Kıas - i BA 
| violet lines . : . 424 
mi Be lines between | (390 
uminium / 
H, and H, | 394 
triple green line . . 518°30 the least refrangible. 
Magnesium | triple ultra-violet line 
near L P : . 383°78 the least refrangible. 
| greenline . E *..509 
Cadmium I -green line . .. 480 
j blue line : : . 407°7 
green line . - .. 481 
Zinc \ green line, . e . 72 
/ blue line : e ...467°8 
Copper greenline . : . EG ’ 


In iron, cobalt, bismuth, antimony, and gold Cornu was 
unable to obtain even the faintest indication of reversal, 
while in certain compounds of chlorine, such as sodium and 
lithium, the reversal was readily effected. 

By means of Siemens’ powerful dynamo-electric machine, 
Liveing and Dewar have since succeeded in reversing the 
lines of a great many other metals, among them the intense 
lines of the G-group of calcium, and several of the lines of 
silver.* 

The important result of these investigations is therefore 
that the characteristic bright lines of sodium, lithium, and the 

' other metals are changed into dark lines when the intense 
white light of incandescent solid or liquid bodies passes 
through the vapour of these metals. As therefore the bright 


* [They have recently added many more to this list. ] 
13 
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lines of the spectra of vapours are converted into dark 
lines, while the dark parts of the spectrum are changed into 
brilliant colours by the continuous spectrum of the white 
light, the entire gas spectrum seems to be reversed in respect 
of its illumination ; for this reason the phenomenon was 
called by Kirchhoff “ the reversal of the spectrum.” 

It has been fully proved by Kirchhoff that the difference 
between the temperature of the incandescent solid or liquid 
body giving the continuous spectrum and that of the 
absorptive vapour through which its white light passes 
exercises a great influence upon the reversal of the spectrum. 
The whole phenomenon rests upon the relation existing 
between the emissive and absorptive powers of the vapour, 
which relation is determined by the difference in tem- 
perature. Reversal experiments, therefore, only succeed 
when there is a great difference of temperature between 
the incandescent solid body and the absorptive vapour, and 
they succeed with greater certainty the higher the tem- 
perature of the incandescent body, and the lower that of 
the reversing vapour. The light of the sun, the electric 
arc, the lime-light, or a glowing platinum wire, may be 
employed in place of the lamp. If, instead of the glass 
tube filled with hydrogen and sodium, etc., free sodium 
vapour is employed, such as can be obtained by heating 
metallic sodium in a flame, this flame must not be of a 
high temperature. The temperature of the Bunsen burner, 
or even of a spirit lamp, is too great to show the phe- 
nomenon when the luminous source is the oxyhydrogen 
light; the difficulty may be overcome by diluting the spirits 
of wine with as much water as it will bear, and adding to 
the flame a little common salt, when, with a suitable opening 
of the slit, the sodium line will appear black upon the con- 
tinuous spectrum of the lime-light. If the electric arc 
light, with its far greater heat, is used to form the con- 
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tinuous spectrum, the reversal of the sodium and lithium 
lines may be produced by volatilizing these metals in the 
flame of the Bunsen burner. 

To show the reversal of the sodium line effectively 
on a screen, the glass tube above mentioned containing 
hydrogen gas and sodium is not well suited, as the sodium 
vapour is not dense enough, and condenses on the sides of 
the glass ; but if the electric light is used for the white light, 


BIG..102, 

































































































































































Reversal of the Sodium Line (projected on a Screen), 

































































the sodium vapour may be produced by means of a gas 
flame. For this purpose the carbon points should be pre- 
viously moistened with a weak solution of salt, and allowed 
to dry again. If a continuous spectrum some three feet long 
is formed by the electric lamp and prism in the usual way, 
the bright sodium line is seen passing through the yellow, 
the position of which may be noted by making a mark m 
beneath it. The small amount of sodium adhering to the 
carbon points soon evaporates in the heat of the electric 


light, and the yellow line is extinguished. The gas burner G 
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(Fig. 102) is now placed before the slit of the electric 
lamp E, so that the rays of the incandescent carbon issuing 
from it must pass through the flame G. Before adding the 
sodium to this gas flame, a perforated screen S is placed in 
front of the lens L, in order that the large screen on which 
the spectrum is formed shall be protected from the intense 
yellow light of the burning sodium. A piece of sodium the 
size of a pea is placed in a platinum spoon /, and brought 
into the gas flame; the sodium igrites, and forms a dense 
cloud of vapour in the path of the rays of the electric light. 
On the screen is seen a stripe D of intense blackness, 
precisely in the place marked m where the bright sodium 
line before appeared ; the sodium vapour has, partially at 
least, absorbed from the white light of the incandescent 
carbon the yellow light of the same degree of refrangibility 
as the sodium vapour emitted. Ifthe sodium is withdrawn 
from the gas flame, the black line immediately disappears 
from the screen ; if it is re-introduced, the black line again 
appears precisely in the same place. 

The reversal of these lines may also be shown as in the 
experiments of Cornu, p. I94. The rationale of the process 
is as follows: as the sodium becomes intensely heated, a part 
turns to vapour and emits its yellow light ; immediately 
afterwards a great portion of the sodium is converted into 
vapour, and envelops the luminous portion surrounding the 
sodium in a dense cloud of non-luminous sodium vapour. 
The yellow light of the small luminous portion of the sodium 
vapour must pass through this large cloud of sodium vapour 
of a lower temperature, and is absorbed by it before reaching 
the slit of the spectrum apparatus. 

Weinhold has suggested a simple and most instructive 
arrangement for exhibiting the reversal of the sodium lines, 
in which the portions on either side of the sodium line of 
a continuous spectrum are as much increased in brilliancy as 
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the sodium line is intensified by the luminous power of the 
sodium vapour. 

The light from the bright flame of an ordinary petroleum 
lamp is received through the narrow slit of a collimator 
tube, from which the lens has been removed, by a powerfully 
dispersive prism of bisulphide of carbon, or better still on to 
a system of two such prisms. When the image has been 
carefully adjusted a spirit flame intensely coloured by salt 
is introduced between the prism and the eye, so as nearly to 
cover the whole spectrum. The dark absorptive lines of 
sodium immediately appear clearly and sharply in the orange, 
while if the spirit flame is removed and placed between the 
petroleum lamp and the slit, the lines are changed to brilliant 
ones. In preparing the spirit flame it is desirable to weaken 
the spirit with water and then to saturate this solution with salt, 
and besides this to rub salt from time to time into the wick, 
_ since the more intense the yellow of the flame, the blacker will 
the sodium lines appear. Care must be taken not t® fix the 
‚eye upon the spirit flame, but to look through it on to the 
spectrum beyond, and thus accommodate the eye to the 
setting of the slit. 

We can now foresee what appearance will be presented 
in the spectroscope if the light of an incandescent solid or 
liquid body, before entering the slit of the instrument, pass 
through a less highly heated atmosphere of any kind of 
vapour, such as that of sodium, lithium, iron, etc. The 
incandescent body would have produced a continuous 
spectrum if its light had sustained no selective absorption 
on the way. In the vaporous atmosphere through which its 
rays must pass, each vapour absorbs just those rays which 
it would have emitted if luminous, extinguishing these par- 
ticular colours, and substituting for them dark lines in those 
places of the continuous spectrum where it would have 
produced bright lines. The spectroscope shows therefore 
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a continuous spectrum extending through the whole range 
of colours from red to violet, but intersected by dark lines, 
the sodium line, the lithium lines, the numerous iron lines, 
etc., appearing on the continuous spectrum as so many dark 
lines. 

Spectra of this kind are evidently absorption spectra,; they 
are also called reversed spectra. If a complete coincidence can 
be established in such a spectrum by means of either a 
comparison prism (Fig. 49), or a scale (Fig. 43), between 
the characteristic bright lines of the gas spectrum ofa certain 
substance with the same number of dark lines, it may be 
concluded that the same substance is contained in a state 
of vapour in the absorptive atmosphere which has produced 
the dark lines. The influence which this result of Kirchhoff’s 
discovery has on the investigation of the physical constitution 
of the heavenly bodies is shown by the fact that exactly as 
the various terrestrial substances are recognized by their 
bright gaseous spectra, so do the reversed gaseous spectra 
afford the key to the recognition of the matter of which the 
heavenly bodies are composed. 

A discussion on the relative intensities of the dark and 
bright lines will be found in Appendix K. 


56. SPECTRUM-PHOTOMETRY. VIERORDTS APPARATUS. 


The characteristic features of an absorption spectrum are 
not restricted to the number and position of the dark lines, 
but include also the degrees of illumination in the various 
parts of the spectrum, and to determine this by some better 
means than by estimation is often of great importance. 
A photometrice arrangement for this purpose, applicable to 
any large spectroscope, has been devised by Professor 
Vierordt of Tübingen. It consists in covering one-half of 
the slit with a semi-transparent medium, the amount of light 
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obstructed having been previously ascertained. From the slit 
thus divided two spectra in immediate contact are formed, 
and therefore easy of comparison, one being the spectrum 
lowered throughout in tint, the other the pure spectrum from 
the source of light common to both. All the spectrum not 
_ under observation is shut off by two slides in the eye-piece 
of the telescope, occupying the position of the cross-wires. 
The problem requiring solution is to reduce the light of the 
pure spectrum to that of the degraded one, or in other words 
to lessen the brilliancy of the former by a known quantity. 


FıG. 103. 





Section:of the Spectrum Photometer., 


.For this purpose the slit must be so contrived that the 
width of opening of each half may be separately controlled. 
The end of the tube E (Fig. 103) through which the light 
is received is covered with the square plate add, in the 
centre of which is the circular opening m m of the same 
diameter as the tube. Upon this lie the three plates e, f, and 
g, the inner edges of which coincide with those of the slit. 
The plate e forming one side of the slit is stationary, while 
the plates / and g forming the other side are provided 
with separate motion, each being mounted on a micrometer 
screw terminating in a divided screw-head (A A’) carrying 
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one hundred divisions. By the aid of these the width of 
slit may be ascertained by the observer without quitting the 
telescope. The adjustable plates are both on the same side 
in order that the corresponding portions of both spectra may 
be in exact superposition ; while the spectra are being com- 
pared, the width of the slit is readily controlled by the 
screw-heads. 

The horizontal plate 7 projecting from under the lower 
half of the slit serves as a stage for the reception of small 
smoked glasses, the height of which must not exceed that 
of the half-slit, so that their obscuring effect shall not extend 
beyond. The screw g may be dispensed with, but is of 
service in holding the smoked glass in a perpendicular 
position when the slit is placed vertically. 

In the upper part of the field of the telescope the pure 
spectrum of the source of light appears, corresponding with 
the lower half of the slit, and in the lower part the spectrum, 
after passing through the light-absorbing medium, is seen. 
If the difference in brilliancy between the two spectra is but 
slight, a moderate contraction of the lower slit suffices to 
reduce both portions of the spectrum to uniform brightness. 
If the difference is considerable, they must be equalized by 
placing in front of the slit one or more shaded glasses of 
ascertained density, the final adjustment being made by 
altering the width of slit. To prevent “interference ” lines 
arising from the immediate contact of the smoked glasses, 
they are separated by strips of paper. 

The amount of light remaining, after its passage through 
the absorptive medium, is therefore to be estimated by the 
width a of the slit, and the amount of light 8 known to pass 
through the smoked glass. Before commencing observation, 
both slits should have equal widths, corresponding to one 
revolution of the screw. The width of the half slit, barred 
by the transparent medium, remains unaltered, while the 
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‚other half slit is contracted till the screw-head reads exactly 
the value of a. The value of 8, namely the amount of light 
transmitted by the smoked glass, should be accurately 
determined beforehand for each portion of the spectrum. 

The necessity for this lies in the fact that the amount of 
light observed through the dark glass is not the same for all 
colours. It is desirable to have two varieties of dark glass— 
slightly shaded and very dense. For the solar spectrum the 
latter are indispensable ; for fainter spectra a combination of 
delicately shaded glasses is sufficient. The absorbent power 
‘of a faintly shaded glass may readily be determined by 
placing it across one-half of the slit, and reducing the bright 
‚spectrum of the other half to the same degree of intensity 
by contracting the slit. The estimation may be verified by 
‚enlarging the slit of the shaded spectrum till it equals the 
neighbouring one in brightness. The power of a dense glass 
can be measured by discovering what combinations of lighter 
‚shades make an equivalent. Professor Vierordt has ‚applied 
his instrument to determining the relative brightness of the 
various parts of the solar spectrum. If the total light is 
taken at 1,000,000, the mean brightness of the principal parts 
is as follows :— 


Ad . P 5 i . ; & 72 
1,592 


B 
DB .®& 4,114 
a ö P f A B . 288,957 
Be i . : - ». 478,544 
a j . e a . „ 186,143 
EB ...€& 36,190 
G,„H 4,383 


The applications of Vierordt's apparatus are manifold ; it 
is, however, peculiarly adapted to the investigation of the 
intensity of colour in coloured solutions. These, as they 
increase in strength, always augment in’absorptive power 
with light of certain wave-lengths. The coefficients of 
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extinction of light which has passed through the unit 
stratum of liquid increase in proportion to the strength of 
the solution; their relationship, termed by Vierordt their 
absorptive relationship, is therefore constant for every 
absorptive medium in any part of the spectrum. When, 
therefore, the relationship between an absorptive substance 
and light of a given wave-length has once been found, it 
is possible to ascertain the strength of a solution of unknown 
strength by measuring the amount of light of a certain colour 
lost in passing through the liquid. If a liquid is composed 
of two coloured substances the absorptive relationships of 
which are known for two portions of the spectrum, the 
quantity of each may be determined if at both places in the 
spectrum the loss of light is measured. In organic extracts, 
where colour is present, it may be decided by spectrum 
analysis whether the colouring matter is composed of one 
or more substances. If the former, the coefhicient of 
absorption must maintain a constant relationship in any 
two or more parts of the spectrum, whatever the strength 
of the solution may be. 


57. GLAN’S SPECTRUM PHOTOMETER WITH VOGEL’S 
IMPROVEMENTS. 


The great disadvantage of Vierordt's apparatus is the 
widening of the slit. The increase of light thus gained 
entails the inclusion of the adjacent rays of the spectrum. 
In Glan’s instrument this has been avoided. A sketch of 
it will be found in Fig. 104. F is the telescope, S the 
micrometer tube, C the collimator, and P the prism. The 
telescope is mounted so as to revolve round the central 
vertical axis of the instrument, and the micrometer tube also 
revolves upon a perpendicular axis, resting upon a stand 
within the circumference of the plate R, which is furnished 
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with divisions for the reading of angular distances. The 
slit can be regulated by a micrometer screw, and is divided 
into two halves by a metal plate about „5 inch in breadth. 
In the tube C, behind the collimator lens, is a double 
refracting prism, which forms two images of each half slit, 
an ordinary and an extraordinary one, and these by their 


close juxtaposition greatly facilitate the comparison of spectra. 


Fıc. 104. 
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Glan’s Spectrum Photometer. 


Behind the Rochon prism is a Nicol prism, mounted upon an 
axis so as to be turned by the handle G, and the angular 
deviation is read off in minutes upon the circle K. If 
the Nicol prism is so turned that its principal surface 
coineides with that of the double refracting prism, the 
extraordinary image disappears; if turned 90° further, the 
ordinary image also disappears. Between these two positions 
the two images alternate in brightness, and there is.-an 
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angular deviation for the Nicol prism where both spectra at 
one particular part are identical in brilliance. If the bright- 
ness of two spectra is to be compared, a comparison prism is 
placed in front of one of the half slits, so that the rays from 
one source of light are reflected on to the slit, while the rays 
from the other enter it direct. The brightness of the two 
is rendered identical by turning the Nicol prism, and the 
angular distance it has travelled from its first position, 
when it was coincident with the double refracting prism, is 
the measure of the disparity in brightness between the two 
spectra. If this angle is designated by a, and the original 
brightness by fand r,, then the turning of the Nicol prism 
is to the equal brightness of both images r, = Lian? a. 

When the Nicol prism stands at zero, the ordinary image 
has wholly vanished ; if it is slightly rotated, both images 
appear, and they may easily be brought to uniform brightness. 
The part of the spectrum under examination is screened off 
by the slide H, which consists of a flat plate with a round 
opening placed horizontally across the eye-piece. This plate 
is grooved at its edges, from which two smaller flat plates 
project. These latter can hold it in position at any moment 
by screws travelling in a slit and pressing against H. The 
ends of the plate are curved to the same extent as the lines 
of the spectrum. These plates enable large portions of the 
spectrum to be screened off at will. 

An improvement has been added to this instrument by 
Professor Vogel which renders it available for stellar spec- 
troscopy. The details are given in the sectional drawing 
Fig. 105. P is a simple prism, F the telescope provided 
with a sliding shutter H for the eye-piece. In the collimator 
tube C is an arrangement of prisms for polarization similar 
to that in Glan’s instrument. R is the double refracting 
prism, N the Nicol prism mounted on an axis and controlled 
by the handle g, the amount of angular motion being 
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To 
secure contact in all parts of the 


registered on the circle K. 


spectra the collimator lens C is 
adjustable by the rackwork Z 
and the spring T”. The colli- 
mator with the slit is enclosed 
in the wide tube V, by which the 
instrument may be attached to a 
large refractor. A suspended 
lamp produces the comparison 
spectrum: the light passes 
through the tube 2 on to the 
reflecting prism r, whence it is 
thrown on to the second prism , 
placed in front of one of the half 
slits. The width of slit is re- 
gulated by the spring T.. A 
drawing of the instrument is 


given in Fig. 106, in which the 


- Vogel’s Improved Spectrum Photometer, Section. 


105. 


Fıc. 


same lettering is employed as 
in the sectional plan Fig. 105. 
G is a counterpoise, W a spirit- 
level. The telescope and colli- 
mator are both firmly attached 
to the solid plate B, which turns 
upon the axis x by means of the spring T’”, working in the 
toothed wheel S. The amount of motion can be read oft 
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Vogel’s Improved Spectrum Photometer. 








THE INFERA-RED SPECTRUM. 209 


upon the divided circle attached to S. Beyond the slit there 
is another eye-piece o with the reflecting prism x (Fig. 106). 
This eye-piece acts as the finder of a telescope, and when the 
object—a star, for instance—is in the field of view the eye- 
piece can be withdrawn and the image allowed to fall upon 
the free half of the slit. 


58. THE InFfRA-RED SPECTRUM. 


We have hitherto been occupied solely with the spectrum 
which is visible when white solar light passes through an 
ordinary glass prism or through a system of such prisms. 
The limits of such a visible spectrum are to be found near 
the lines A and H; the ether vibrations comprised within 
these limits can be perceived as light only by the eye. But 
the band of colour visible to the eye bounded by these limits 
forms but a part of the whole spectrum, which extends on 
both sides far beyond the red and beyond the violet® Fo 
the moment we shall confine our attention to that part 
beyond the red. 

The discoverer of the infra-red part of the spectrum was 
the celebrated astronomer Sir William Herschel. He was 
led to its discovery in the year 1800, while searching for the 
colour best adapted for the construction of dark glasses for 
observations on the sun. While testing the coloured rays 
by directing them in succession through a small aperture in 
a piece of cardboard upon the blackened bulb of a ther- 
mometer, he found that all colours had not the same heating 
power. In violet light the thermometer rose 2° Fahr., in 
green light 34°, in red upon an average 7°, and when the 
bulb was placed about half an inch beyond the extreme red 
rays the thermometer rose 83°. At twice that distance 
the effect was not so marked, but even at a further distance 
it was still considerable. In 1819 Seebeck observed that 


i 
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the position of maximum heat in the spectrum varied accord- 
ing to the nature of the prism employed, and that under 
certain circumstances it might even occur among the visible 
red rays. This was shown by Melloni to depend on the 
varying absorptive power of the prisms for the infra-red or 
heat* rays. He found that of all substances rock-salt was 
the most transparent to heat rays, and that by the use ofa 
prism of this material the maximum heat occurred at a 
distance from the extreme end of the visible red, nearly as 
great as the red is from the blue in the visible spectrum. 

So far then the existence of a dark spectrum below the red 
was known, but as to any other character besides its heating 
effect nothing was known. 

[In 1840, however, Sir J. Herschel discovered that there 
were breaks in the infra-red of the solar spectrum, and that 
therefore, like the visible part, it was not continuous. His 
method of observation was novel. He allowed an image of 
the sun after passing through a prism to fall on a screen 
formed of bank post-paper, the front surface of which he 
blackened with lamp-black. This paper he moistened from 
the back surface with alcohol, a liquid which is easily, but 
not too easily, volatilized by heat. When the dark rays fell 
on the blackened surface of the paper screen the absorbed 
radiation did work on it by heating the lamp-black, which in 
its turn caused the alcohol to volatilize more rapidly at those 
parts than where unacted upon. Now if this portion of the 
spectrum were continuous, after sufficient time had elapsed 
to cause the differential evaporation of the alcohol there 


’ 


* [The term ‘“ heat rays’’ is a misnomer, though we leave it in 
the text. No rays are heat rays, but these dark rays when they fall 
on proper absorptive material produce a rise of temperature in it. 
The visible and ultra-violet rays, but in a less degree, do the same, 
Rays are ‘‘“energy carriers,'’’ and this energy may be expended in 
chemical action, in mechanical work, or in heat. ] 
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would have been a continuous strip of more or less dry paper 
here the spectrum had fallen. As a matter of fact, the 
band was broken up by several transparent or undried 











patches, and presented an appearance as in Fig. 107, showing 
that there were breaks in its continuity. The line marked y 
as the fiducial one used by Sir J. Herschel, and corre- 
sponded with the centre of one of the bright discs seen 
when the solar spectrum was viewed through cobalt glass. As 
the A-line can be seen through the last red disc, we have 
a good idea of the position of the spectrum. Regarding the 


















furthest spot e, till recently there was much doubt as to its 
existence. Sir John Herschel himself was not perfectly 
convinced that it was a reality, from the fact that it lay 
beyond the theoretical limit of the prismatic spectrum. 
















Recently, however, Langley, and subsequently Abney and 
Festing, have shown that the real limit lies some way beyond 





the theoretical limit, which was calculated from Cauchy’s 
formula for refraction. This spot e, together with the others 
marked a, 8, y, and ö, are situated in the positions which 
more refined methods have shown they ought to occupy. ] 

Under ordinary circumstances the dark line A is not 












readily seen, but can be rendered much more conspicuous 
by the use of blue glass,* which by absorbing the brighter 
rays towards the orange emancipates the eye from their 
dazzling effect. 

Matthiessen discovered in 1844 that in the infra-red there 
existed a dark band with a strong line in the centre as far 
beyond A as the distance from A to a, and this was to some 
extent confirmed by Brewster’s observations in 1860. In 
the interim (1847) it had been noticed by Fizeau and 
Foucault, when using a highly sensitive thermometer, that 


* [A combination of blue and red glass is better, and still better 
a solution of iodine in bisulphide of carbon combined with an 
orange glass. ] 
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Thermogram of the Spectrum after Herschel, 
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there were some places in the invisible spectrum beyond A 
in which there was a diminished heating action. They were 
therefore to be regarded as absorption bands, but their 
exact position could not be determined by this method of 
observation. The phosphorescent action of a part of the 
infra-red spectrum was discovered by Edmond Becquerel. 
He noticed that if a sheet of paper painted over with 
sulphide of strontium after exposure to daylight is brought 
into a dark room, and then receives the image of a very 
pure and brilliant solar spectrum, the phosphorescence after 
a few moments will be destroyed from F to beyond A, and 
in the locality of the absorption bands beyond A a faint 
phosphorescence would be seen. Becquerel was thus able 
to trace the infra-red to a distance beyond A equal to 
that between A and D. By means of a carbon-disulphide 
prism and a crown-glass lens Becquerel discovered in this 
region, besides the double band A, and A,, a group of 
four bands designated by him A’, A’, A’, A’, and finally 
the broad band observed by Fizeau and Foucault, known 
as A", Further away still there appeared to be two other 
bands, but of these confirmation was needed. 

Becquerel has given the wave-lengths and indices of 
refraction for these bands as follows :— 





Index of Refraction. Wave-lensth. 
A & i i ; “ Sb:6aBr 767°5 
I 200 a i 1'5992 840 
innermost edge „E50 1220 
1 | middle ; 1265? 
outermost edge 2. 1310 


[In 1868 Desains published the results of some remark- 
able researches in this same region, using a thermopile for 
the purpose. He showed that the state of the atmosphere 
altered the place of maximum of heating effect, it being of 
a lower wave-length as the air was more or less dry. ] 
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Lamanski’s observations are of a later date. By investi- 
gating the solar spectrum with prisms of rock-salt, flint- 
glass, and carbon-disulphide, he found that the gaps in the 
heat rays were nearly constant in position; but it was 
noticed that in August and September the heat gaps, when 
using rock-salt prisms, increased in breadth with an increase 
of moisture in the air, which seemed to indicate a great 
absorption of the infra-red rays by our atmosphere. The 
heat spectrum of the lime-light shows a gradual increase, 
and subsequent decrease from the red outwards, without 
any gap, and the maximum is considerably further removed 
from the visible rays than in the solar spectrum. From 
experiments conducted by Müller with crown-glass and rock- 
salt prisms, in which the rays were directed on to a very 
sensitive thermo-electric pile, the action of the two prisms 
appeared almost the same within the limits of the visible 
spectrum, but in the infra-red the crown glass proved far 
more absorptive of the heat rays than the rock-salt prism. 
With the latter prism the extreme limit of the heat rays 
corresponded to a wave-length of 4,800 millionth of a 
millimetre.* 

Fig. 108 gives a graphic representation of the heat rays 
in their varying intensity for different portions of the 
prismatic spectrum. Beneath are shown the principal 
Fraunhofer lines included between A and H, the portior 
constituting the visible spectrum. The portion from A to P 
represents the heat spectrum, while that from H to L is the 
ultra-violet, to which we shall again refer. The curved 
lines indicate the varying degrees of heat in the different 
parts of the spectrum,. The curve AMH gives this line 
for the visible rays, the curve B D N represents the heat 
rays, the curve IKL the chemical rays, while the shaded 


* [This was Müller’s calculation, which we now know to be 
erroneous. 
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FıG. 109.*--Draper’s Tithonographice Spectrum. 


outline PRN refers to 
the heat rays of the 
electric light (arc) as 


given by Tyndall. 


It will be noticed that 
the maximum intensity 
of light occurs at M, in 
the yellow of the spec- 
trum, while the maxi- 
mum intensity of heat is 
at D, therefore in the 
infra-red, beyond A. 

In 1843 J. W. Draper 
succeeded in obtaining a 
daguerreotype of nearly 
the complete spectrum. 
In Fig. 109 this spectrum 
is represented, called by 
Draper the fithonographic 
spectrum; below, for 
the sake of comparison, 
is added the visible 
spectrum with the Fraun- 
hofer lines. It will be 
noticed that the daguer- 
reotype includes not 
merely the infra-red, but 
also the ultra-violet part 
of the solar spectrum, 
and that the Fraunhofer 
lines are missing be- 
tween A and d. 


* [Fig. 109 may be taken as fairly accurate for the curves RandM, 
but the curve with the vertex at K is misleading, as the chemical 
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In Fig. 109 three lines stand out with marked pro- 
minence in the in/fra-red (invisible spectrum) designated by 
a, 8, y. These lines are not always seen so clearly on 
account of the feeble chemical action in this region. In the 
violet the most prominent were G, H, and %, and beyond the 
violet, outside the boundary of the visible spectrum, four 
groups were very distinctly seen. The first line of each 
group was designated by Draper in continuation of 
Fraunhofer’s lettering M, N, OÖ, P. L consists of two lines, 
M is a group of five, N and OÖ of three each, and P of five 
lines. Beside these groups the whole region is traversed 
with fine lines too numerous to count, but Draper estimated 
that at least six hundred lay between H and P. 

[ The method Draper adopted to secure this spectrum was 
a novel one, depending on the fact that the red and infra- 
red rays have the power of apparently undoing the work of 
white light. Abney has traced this action to an oxidizing 
action produced by these rays on silver compounds, which 
have been acted upon by white light. The oxidation of the 
iodide of silver, which has been acted upon by light, pro- 
duces a compound which is not developable by mercury 
vapour, nor indeed by any other developer. The plate on 
which the spectrum was taken was first given a slight 
exposure to white light, or else, whilst being exposed to 
the spectrum, white light of feeble intensity was allowed to 
play upon it. The blue and all the more refrangible rays 
acted in the ordinary manner, whilst the red rays apparently 
undid the work done by the white light, though in reality 
it made it undevelopable. Thus the spectrum presented a 
singular appearance. In the top diagram of Fig. 109, the 
right-hand side of the spectrum, viz., the blue and violet, 
from G to P presented the appearance of dark Fraunhofer 


effect of the spectrum is variable according to the substance on 
which it falls. ] 
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lines on a lighter background, whilst from B in the red 
to ö in the infra-red, the Fraunhofer lines appeared as white 
upon a dark background. In the blank space in the yellow 
and green between B and G the spectrum had no action. 
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Map of Infra-red taken with a Grating by Abney. 
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This method is one easily repeated, but is unsatisfactory 
for many reasons. In 1875 Capt. Abney first brought before 
the Royal Astronomical Society the first proofs that this 
region was capable of being photographed in a direct manner. 
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He originally secured his photographs by the addition of 
a resin to an ordinary photographic plate; but he abandoned 


this plan for a better one, the results of which 
he published in 1850 in a paper to the Royal 
Society. This paper was accompanied by a 
map obtained from photographs taken with 
the diffraction grating, the sensitive salt being 
formed of a peculiar and novel kind of silver 
bromide. Ordinary bromide of silver is orange 
by transmitted light, absorbing the blue and 


. violet rays, and consequently is only acted on 


by these rays. The bromide Abney employed 
was green by transmitted light, absorbing the 
red and dark ray below, and consequently 
was acted upon by these rays. In the map 
he showed some 190 lines* below A, extend- 
ing to a wave-length of 12,000, or a length 
more than equal to the spectrum ordinarily 
visible. Fig. ıro shows this map. 

In the same paper he showed that with a 
prism rays as low as 22,000 could be photo- 
graphed, and the prismatic spectrum presented 
an appearance very analogous to that given 
in Fig. 111. 

In 1882 Professor Langley published the 
results of a remarkable research in this region 
of the spectrum, using an instrument of his 
own invention for his investigations. This 
instrument, which he named the Bolometer, 
consisted essentially of two equal coils of very 
narrow and thin iron. Fig. 112 will give an 
idea of the principles of the instrument. C 








Fıc. 111,—Photographed Spectrum Infra-red, 


* [In a revised map about to be published he shows treble that 


number. ] 
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is one pole of a battery, and Z the other. These poles are 
connected as shown: a and ß are two coils of fine iron, and 
at A the current divides, one part traversinga and the other #. 
G is a galvanometer interposed as shown. When the two 
coils a and offer exactly the same resistance to the current 


FIG: 112. 





The Bolometer. 


from C, none of it will pass through the galvanometer, whilst 
if the resistance be unequal, part of the current will pass 
through it. Now iron, when heated, offers an increased 
resistance to the passage of the current. If, therefore, the 


From(upper ß 
of Ballery 
\ 
en 


Arrangement of Strips in Bolometer. 





resistances of a and ß when at the same temperature be 
made equal, and then a small portion of one of them be 
heated, a current will flow through G. Langley used this 
principle to measure the heating effect of the spectrum. 
Fig. 113 gives an idea of the arrangement of the iron strips. 
They were „, of an inch wide, and so thin that it would 
take 12,000 strips laid one on the other to make up an inch. 


Fig. 114 shows the complete instrument. The part of the 
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spectrum he examined falls on the slit d, and reaches the 
coila. The heating effect on the coil allows the current to 
pass through the galvanometer and causes a deflection of the 
needle, the amount of which measures the heating effect. By 
moving the slit through the spectrum he was able to compare 
the heating effects at every part; and not only so, but owing 
to the fineness of the iron strips, he was able to indicate the 
regions where there was the same lack of radiation as there 
is of necessity in the Fraunhofer lines. By this ingenious 
plan he was able to map the whole of the infra-red region to 
an enormous distance, the lowest wave-length being about 
28,000, or nearly two octaves below the visible spectrum. A 


Fıc. 114. 
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Bolometer in Action. 





delicate thermopile will measure the of a degree above 


10,000 


the temperature of its surroundings. Langley estimates the 





bolometer will measure __, of a degree, and that the heat 
necessary to cause a deflection in the galvanometer is so 
small that it would take 1,000 years for it to melt a kilo- 
gramme (2 |bs.) of ice. 

Fig. 115 shows the prismatic spectrum obtained by this 
plan. The vertical heights of the curve measure the rela- 
tive heating effects of the different portions, and the great 
gaps first discovered by Sir John Herschel are plainly 
marked, amongst which is the disputed break (Fig. 107) be- 
tween ö ande, e being shown as a mountain of heating effect. 
Langley used both the prism and the diffraction grating 
in his researches, the latter being employed as far as any 
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Fıc. 115.—Langley’s Prismatic (Bolometric) Solar Spectrum. 


results could be 
obtained (we be- 
lieve to somewhere 
near 24,000). Thus 
there cannot be 
much doubt as to 
the accuracy of the 
wave-lengths indi- 
cated by him, at 
all events to that 
point. It may be 
noted that the the- 
oretical limit of 
the Prismatic spec- 
trum below A is 
nearly the same 
distance as E is 
above it; whilst 
Langley has shown 
radiation to exist as 
far below Aas G is 
above it. Müller, 
who used the ther- 
mopile at a much 
earlier date, found 
nearly the same 
limit as Langley. 
Fig. 116 shows 
Langley's normal 
spectrum. 

Allusion has al- 
ready been made 
to Edmond Bec- 


querel’s discovery of the action of the infra-red on phos- 
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phorescent sulphides. 
Quite recently his 
son, Henri Becquerel, 
has continued these 
experiments, and pro- 
duced some very not- 
able results with this 
method. 

Blende (hexagonal), 
reduced to fine powder, 
was dusted over a 
gummed card, and 
gives a green phos- 
phorescence, which is 
rapidliy extinguished 
by the infra-red rays. 
Solar rays were re- 
flected by the mirror 
of a heliostat, and 
passed through two 
parallel slitss The 
rays which passed 
through the first fine 
slit fell on a prism of 
60° of bisulphide of 
carbon, then on a lens 


Fıc. 116.—Langley’s Normal (Bolometric) Solar Spectrum. 


which formed an image 
on the blende screen. 
Through the second 
slit, which was wide, 
rays of light fell on a 
flint prism, and then 
on the screen without 
falllng on the lens. 
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Thus the infra-red of the first spectrum could be superposed 
over the violet of the second, which latter excited the plate, 
whilst the former extinguished it. 

Henri Becquerel states that the blende allowed him to go 
further in the infra-red than other substances did, though he 
tried the following :— 


Substance. 
Hexagonal blende 
Barium sulphide . 


Phosphorescence. 
green. 
yellow orange. 


m « green. 
Strontium sulphide yellow. 

» . green. 
Calcium sulphide yellow. 

» green. 


bluish green. 


greenish blue | j 
Abtn bine y very luminous. 


These bodies are all beautifully phosphorescent substances. 
From the results of these experiments he has drawn the 
solar spectrum, and determined the position of some of the 
bright lines due to metals. The annexed cut (Fig. 117) gives 
the drawing made by Becquerel. He has deduced from the 
above the normal spectrum from which the following wave- 


lengths are taken :— 


The edge of A” 12,200 
Magnesium line between A” end v 11,310 
Ime to leit EA” 10,970 
A’. e 5 i E ! £ : 10,820 
Genie oA , . N . k N 9,360 
Another magnesium line . . ’ 8,750 
or . . . j j j . 8,190 
ZU, : . x j j + ; 7,940 


These lines are not quite in the position determined by the 
grating and photography, but are as near as can be expected 
from the method employed. The greatest wave-length 
shown is 14,800, a wave-length which has nearly to be 
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doubled before the known limit of the solar spectrum is 
reached, as shown by Langley and confirmed by Abney 
and Festing. The region explored by M. Becquerel is that 
which it is easy to obtain by means of photography, and 
it seems as if below that point phosphorescence is incapable 
of giving any knowledge. The fact, however, that phos- 


phorescence can give so much, is interesting ; 


g g; but great 


sharpness of detail can never be hoped for, since one particle 
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3ecquerel’s Phosphorescent Phonogram of the Intra-red, 


of phosphorescent matter will excite a neighbouring one 
to a certain degree. 

It seems curious that this dark region of the spectrum 
should have been so little explored, but no doubt this has 
arısen from the difficulty which has existed in finding any 
accurate and delicate plan of so doing. TI'hanks, however, to 
photography, not only can general information as to the 


energy of radiation to be found there be recognized, but 
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also the energy that is absorbed in passing through our 
atmosphere, and the causes to which the absorption is due. 


Abney and Festing found that most colourless liquids 
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Absorption Spectra in the Infra-red. 


showed marked absorption bands in the infra-red of the 
spectrum, tracing them only, however, in compounds in which 
hydrogen existed. A few of these absorptions are given in 
Rio, TIO,. 


It will be seen that these organic compounds all cut off 
> 
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radiation in marked and definite positions. Particular atten- 
tion, however, should be given to the spectrum due to the 
absorption by water, alcohol, and benzine, kindred absorp- 
tions to these having been found in the solar spectrum. 
To the first indeed may be allotted the principal absorp- 
tions taking place in this region. Fig. 1IQ gives a com- 
parison of the thermograms of solar radiation, taken with 
the thermopile and the bolometer, and also a thermogram 
of the absorption of water as shown by the thermopile. 
This latter was a confirmation by Abney and Festing of 
the photographic results they had obtained in 1882. 

There are also well-marked absorptions apparently due to 
some benzine compound and to an ethyl compound to which 
. alcohol belongs, and these seem, according to Abney and 
Festing, to be placed beyond the limits of our atmosphere. 
Hence wherever we are led to locate them it must be in some 
region in which the heat is not sufficient to drive them into 
their component elements. ] 


59. THE ULTRA-VIOLET SPECTRUM. 


After the heating powers of the infra-red rays had been 
discovered by Sir William Herschel, the question naturally 
arose whether there was not a similar prolongation of the 
spectrum beyond the visible limit of the violet rays, which, 
though invisible to the eye, might yet betray its existence in 
some indirect manner. This question engaged the attention 
both of Wollaston and Inglefield. The latter discovered as 
early as 1803 that the violet end of the spectrum had a 
powerful influence in bringing out phosphorescence in certain 
substances, and drew attention to the fact that Scheele 
had observed in 1777 that it quickly blackened chloride 
of silver, whence he inferred that the influence extended 
beyond the visible end of the violet. Ritter, of Jena, was 
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the first to demonstrate this by experiment, and in these 
researches he was succeeded by Wollaston. In 1840 Sir 
‚John Herschel published his experiments upon the chemical 
action of the spectrum, in which he remarks that the rays of 
most intense action were those Ilying beyond the visible 
violet. Inactive spaces—analogous to the dark lines—he 
failed to discover, though sought for by means of sensitive 
paper prepared by Talbot’s process. He states that the 
ultra-violet rays are not always absolutely invisible, but 
some at least may be occasionally perceived as a lavender- 
grey tint. 

The inactive spaces in the chemically-impressed spectrum 
were first discovered by Becquerel in 1842. From a very 
pure flint-glass prism a spectrum was formed and thrown on 
to ascreen by a lens placed immediately behind the prism, 
‚and a tenth of an inch from the slit by which the light entered. 
The screen, which was eighty inches from the lens, was 
arranged so as to receive the substances which were to be 
submitted to the action of the rays, such as photographic 
paper, salts of silver, etc. After exposures of various 
duration, there appeared numerous lines indicating places of 
minimum chemical action. These were found to correspond 
‚exactly with the dark lines between A and H in the visible 
spectrum as far as that spectrum extended. Beyond H, 
however, in the chemically-impressed spectrum, there ap- 
peared a great number of such lines designated by Becquerel 
with the letters T, K, etc. Such lines are shown in Draper’s 
tithonographie spectrum (Fig. 109), even beyond P. It was 
found by Stokes that ordinary glass absorbed a very con- 
siderable portion of the ultra-violet rays, and that of all 
substances quartz was the most transparent for these rays, 
and after that Iceland spar. He therefore selected a prism 
and lens of quartz for his investigations, and by this means 
reached beyond P, even to the Q-line. By using a quartz 
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prism and the elimination of all stray light, Helmholtz suc- 
ceeded in viewing the lines shown to exist in the ultra-violet 
spectrum by Becquerel and Stokes. Seculic accomplished 
the same result by allowing the sun’s direct rays to fall on 
the prisms. When the spectroscope was so placed that 
the sun’s rays fell directly on to the refractive surface of 
the prism, the spectrum could be traced as far as the N-Jine. 
The group M was so distinctly visible that even the third 
line was not too faint for measurement, but the N-lines were 
somewhat indistinet and washed out. The colour of this 
part of the spectrum was light blue and silver grey. 

In accordance with the impressions produced upon our 
senses, we are accustomed to divide the solar rays into light, 
heat, and chemical action. These three different effects are 
not to be regarded as the result of three different kinds of 
rays, but rather as different effects of the energy inherent 
in the ether vibrations. According to the length of the 
waves and the nature of the receiving particles, this 
energy shows itself either as heat, light, or chemical action. 
Those waves varying in length from 768 to 369 millionths 
of a millimetre act upon the nerves of the eye and pro- 
duce the sensation of light, the various colours depending 
exclusively upon the different rates of the ether vibrations. 
The waves of greatest length produce the impression of 
red, and as the waves gradually decrease in length the eye 
perceives in succession all the remaining colours, orange, 
yellow, green, blue, indigo, and violet, in the same order as 
they appear in the solar spectrum. 

In this scale of colour whilst ascending from green towards 
violet, light begins to exhibit an additional property, that 
of setting free certain molecular combinations, and of 
originating chemical action, or of changing the molecular 
condition on the surface of certain substances, bringing 
into existence new waves of light. 
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In the opposite direction from green to red, as the waves 
increase in length the action of the light changes in 
character * and assumes the form of mechanical force, 
exciting in the increased molecules vibratory motion, which 
is shown by a rise in temperature of the body. These 
waves extend far beyond the boundary of the red, and form 
there, as it were, a second and invisible spectrum. 

There exists, therefore, in light but one form of wave 
motion, although the waves are of varying length. The 
solar rays, whether producing chemical action, light, or 
heat, do not differ one from the other more than yellow light 
does from green, or green from violet. In no part of the 
spectrum is it possible to separate the light rays from the 
heat rays, or to set aside the one and deal with the other, 
for light and heat rays of the same refrangibility are com- 
pletely identical. The light rays may undoubtedly be 
separated, and with them their own heating effect, from the 
invisible rays, because they possess a different refrangibility ; 
but if.at any part of the spectrum the light rays are removed, 
the capacity for that part of the spectrum to heat is at the 
same time eliminated. 

The chemical action of the rays is after all as truly of a 
mechanical nature as that of the heat rays, and can be ex- 
pressed equally in units of mechanical force. Moreover, the 
expression “chemical rays,” if applied solely to the violet 
and ultra-violet rays, is not distinctive, for although these 
rays are pre-eminent in their influence upon salts of silver 
and chromic acid, they possess no power upon vegetable life.t 
According to Lommel’s investigations upon fluorescence, 
every ray that is absorbed can produce chemical action ; 


* [There is no real change in character; every ray will heat a 
substance in a greater or less degree. See Langley’s bolometric 
spectrum. ] 

t [This is hardly correct. ] 
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different substances absorb different rays ; in some chemical! 
action is produced by the red and in some by the violet rays.. 
The curve I, K, L (Fig. 108), representing the so-called 
chemical intensity of the solar spectrum, refers only to the 
chemical effect such rays have upon certain chemical com- 
binations. In the process of assimilation carried on by 
plants, namely the decomposition of carbonic acid and the 
liberation of oxygen, the most active rays, and those most 
plentifully absorbed by chlorophyll, are those which possess, 
at the same time considerable capacity for doing mechanical 
work. These are the red rays between the dark lines B 
and C. The blue and the violet rays, although powerfully 
absorbed, do not exert so great an influence on account of 
their feebler energy. The extreme red rays, notwithstanding 
they carry greater energy, produce no effect, as they are not 
in general absorbed. For the same reason the yellow rays, 
though possessing considerable capacity for doing work,, 
have scarcely any influence, the quantity absorbed being: 
very small; and the same may be said both for the orange 
and the green rays. The total mechanical work which can. 
be done by the ether waves is the true measure of their 


%* 
energy. 


60. THE ULTRA-VIOLET SPECTRUM AND FLUORESCENCE 
SPECTRA. 


If an aqueous infusion be prepared from the bark of the 
horse-chestnut (‚Zsculus hippocastanum), and placed in a 
glass vessel, a cone of white light sent through the colour- 
less liquid by a lens will appear of a splendid blue colour. 
In a similar manner, if the cone of light be sent through 
the colourless solution of quinine in extremely dilute 


* [The heating effect on a body of any ray is the true measure- 
of its energy.] 
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sulphurice acid, the liquid will appear of a bright blue, 
especially at the upper surface. Fluor spar (calcium 
fluoride), itself of a greenish colour, appears a violet blue 
when placed in the path of the light. From this mineral 
the term fluorescence has been given to the whole class of 
similar phenomena. The phenomenon was first made the 
subject of serious investigation by Sir John Herschel and 
Sir David Brewster; by the former the appearance was 
regarded as aftecting only the surface of certain liquids, and 
received from him the name of “epipolic dispersion ;” by 
Brewster fluorescence was believed to affect the whole cone 
of light, although showing brightest at the surface. Further 
observations of a more elaborate nature were published in 
1852 by Professor Stokes, by whom the term fluorescence 
was proposed. From numerous experiments he showed 
that, under the influence of light, fluorescent substances 
became self-luminous, and emitted light of a refrangibility 
differing from that by which they had been rendered 
luminous. He announced it as a universal law that the 
refrangibility of fluorescent light is never greater than that 
of the light by which it has been excited. This law, though 
confirmed by Hagenbach, has been found by Lommel to be 
open to considerable exceptions.* 

For the examination of the rays to which fluorescence is 
due, and for the investigation of the changes in refrangibility 
wrought in light by this phenomenon, the test by the 
spectroscope is of the greatest value. For this purpose a 
fluorescent liquid—such as a clear solution of quinine—is 
placed in a long glass vessel with parallel sides, and upon the 
surface of the liquid a solar spectrum is projected. It will 
be found that the end of the spectrum towards the red is 
wanting, inasmuch as the less refrangible rays, as far per- 


* [These exceptions have been disputed by various experimenters, 
and at present we hold to Stokes’s law. ] 
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haps as G,* pass unhindered through the liquid. From G 
onwards there is a spectrum band of dispersed light which 
extends not only to H, but far beyond, and in this ultra-violet 
portion many dark lines are visible. By Stokes these lines 
were designated by letters proceeding from L to S. 

According to the nature of the liquid the fluorescent 
spectrum commences more or less near the red; with a 
watery infusion of horse-chestnut bark it begins to be visible 
between F and G; with tincture of thorn-apple the dark line 
F can be seen. As a rule it is the highly refrangible rays 
that cause the strongest fluorescence, but the less refrangible 
rays may sometimes produce it most intensely. If, for in- 
stance, a glass trough be filled with a solution of naphthaline 
red in alcohol, and a solar spestrum projected upon it, the 
fluorescence begins to appear in the red between C and D, 
is very intense beyond D, and extends a long way into the 
ultra-violet. The yellow-green rays are also extremely 
‚fluorescent. 

When sunlight is used the dark lines in the ultra-violet 
portion of the spectrum are always visible, whatever may be 
the fluorescent substance ; with the electric light, on the 
contrary, they are never present, although this light contains 
rays of higher refrangibility than sunlight. From this it 
follows that these dark absorption bands are peculiar to the 
solar spectrum, and are not the effect of absorption in the 
fluorescent substance.f The effect produced upon light + by 
fluorescent substances is, as Professor Thomson has pointed 
out, that of degradation ; the ether vibrations which are too 
rapid to affect the eye become so modified in speed as to 


* [H and K can be photographed through a solution of quinine.] 

+ [Perhaps a still better proof is that these lines may be photo- 
graphed without the aid of fluorescence. ] 

t [The fluorescent substances become fresh sources of light; the 
original vibrations are expended and give rise to new vibrations.] 
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give the impression of light. When the lenses and prisms 
are of quartz the ultra-violet spectrum is not only much 
brighter, but also considerably longer, extending even to the 
line R, while with glass prisms it never extends beyond N.* 

It is possible therefore, by introducing a fluorescent sub- 
stance in the path of the spectrum rays, so to diminish the 
refraction of the invisible ultra-violet rays that they shall 
produce upon the eye the effect of light. 

A trivial deviation in carrying out the experiment of 
sending a cone of light through an aqueous solution of 









af | 
| 
Al ll 





nl |) 
Il ||| 





Professor Morton’s Apparatus tor Fluorescence. 


horse-chestnut bark was the means of revealing an im- 
portant fact. It was found that if a second solution was 
placed in the path of the light before it entered the lens, 
the light had no power to cause fluorescence in the first 
solution; and this is true of every fluorescent substance. 
Whence it follows that fluorescence is produced by the same 
rays that are absorbed by the fluorescent substance; as 


* [This is not quite exact. With pure white flint-glass prisms the 
furthest lines in the solar spectrum can be photographed.] 
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pointed out by Stokes, fluorescence is the counterpart of 
absorption. Hence the fluorescent spectrum of a substance 
is brightest in those parts which are darkest in the absorp-- 
tion spectrum of the same 
substance. 

The observations published 
by Professor H. Morton, of 
Hoboken, directed  chiefly 
upon the various compounds 
of uranium, exhibit very dis- 





tinctly the connection between 
fluorescence and absorption.. 
His method of work was as. 
follows. By the heliostat 
mirror A (Fig. 120) he directed 
sunlight upon the flat surface 
of a glass vessel containing 
the fluorescent solution, the 
various solutions being ar- 
ranged upon a small table as. 
shown in Fig. 121. The 
fluorescent light reflected from. 
the glass vessels was then 





analysed by a spectroscope in 
the usual manner. 


Some of the results of 





Professor Morton’s work will 





Table arranged with Glasses for be found in the accompanyıng 
Observations of Fluorescent Sub- 


stances wood-cuts, in which the cor- 


responding Spectra emissive 
(fluorescent) and absorptive are given for a number of the 
compounds of uranium. Figs. 122 and 123 exhibit the fluo- 
rescent and absorption spectra of Thallin and Petrolucene. 


Figs. 124 and 125 give the spectra of normal acetate of 
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uranium in three conditions, Nos. I and 2 with and without 
water of crystallization, No. 3 with uranyl-sodium acetate. 


Figs. 126 and 127 represent the fluorescent and absorption 


spectra of three other compounds, No. I that of arsenate of 
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"Juorescent Spectra of Thallin (I) and Petrolucene (2). 


uranium, No. 2 that of sodium-uranylic carbonate in a solid 
state, and No. 3 of the same in solution. 


Fies. 128 and 129 give the companion spectra of 


Bı@2122. 








Absorption Spectra of Thallin (I) and Petrolucene (2). 


the following substances, No. I that of uranic mono- 
phosphate solid, No. 2 in solution, No. 3 of di-uranic- 
phosphate. 

Fig. 130 gives the fluorescence spectra No. I of normal 
ammonium-uranyl-sulphate, No. 3 of the same without 
water of crystallization, No. 2 a mixture of the same, No. 5 


of ammonium-diuranyl sulphate, No. 4 of a mixture of both. 
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Among the substances highly fluorescent in solution even 
when in minute quantities may be mentioned saffron (in 
spirit, red-brown); naphthalin or magdala-red (in spirit, ver- 


milion) ; eosin or tetra-bromine phtalein (in water, greenish)'; 
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Fluorescent Spectra of Normal Acetate ct Uranium (I with, 2 without 


Water of Crystallization), 3 of Sodium-uranium-acetate. 
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fluorescin or phtalein-resorein (in ammonia, bright green); 


extract of log-wood (in spirit with alum, clear dark green); 
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Absorption Spectra of Substances named in Fig. 124. 


horse-chestnut bark (in spirit, bright blue); di-chlor- 
anthracene-sulphonic acid (in water, brilliant light blue); 
sodium di-chlor-anthracene-disulphonate (in water, dark 
blue).* 


* [Almost all ofthe arom: ıtic series exhibit Huorescence when the 
beam of the electric ehe is concentrated on them, the fluorescence 
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61. SORET'S FLUORESCENCE EYE-PIECE. 


By the following arrangement Soret brings to view the 


ultra-violet rays without projecting the spectrum upon the 
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Fluorescent Spectra of Arsenate of Uranium (1) and of Sodium-uranylic- 
carbonate (2). 
surface of a fluorescent solution. A stratum of a fluorescent 
solution is placed in the focus of the telescope lens of a 
spectroscope, and the spectrum viewed by an eye-piece 
turned towards the axis of the observing telescope. 



































Absorption Spectra of Substances named in Fig. 126. 


This contrivance can easily be applied to an ordinary 


taking place far up in the ultra-violet. The researches of Hartley 
and Emily gdon on the absorption spectra in the ultra-violet of a 
variety of substances ect » the locality where the fluorescence 
may be expected. If a fluorescent eye-piece be filled with these 
various liquids, the fluorescence can be readily seen when lenses and 


prisms are constructed of Iceland spar or quartz.] 
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spectroscope. Ihe eye-piece is removed and re piaced by 
one that might be termed a fluorescence eye-piece, of which 


a vertical section is given in Fig. 131. It consists firstly of 


the brass slide a dc d, composed of the ring db d soldered on 
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Fluorescent Spectra of Uranic-Mono-phosphate (I solid, 2 in Solutien), 
3 Di-uranic-phosphate. « 
to the tube c d, which slides into the tube L L of the 
observing telescope, carrying with it the plates holding the 
solution ; secondly of the slide e g ? %, composed likewise of 


a ring, but of a smaller diameter than the ring 5 d, and which 
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Absorption Spectra of Substances named in Fig.: 128. 





is soldered to the end of the tube @ A. The ring e vis 
concentric to the ring db d, to which it is attached by the ends 
of two screws (not visible in the figure) at opposite points of 


the horizontal diameter of both rings, so that they form one 
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axis at the point 0. The slide eg ı k revolves on this axis, 
and can be directed towards the principal axis of the 
observing telescope of the spectroscope. By means of a 
clamp (omitted in the drawing) the slide e g ı k may be 
secured in any position. In the tube g % of the movable 


portion an ordinary eye-piece is introduced—that of the 





spectroscope if of suitable focal distance—and so adjusted 


as to show clearly the fluorescent stratum. To answer the 
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Fluorescent Spectra of Ammonium-uranyl-sulphate ı, of the same without 
Water of Crystallization 3, of a Mixture of both 2, of Ammonium- 
di-Uranylic-sulphate 5, of a Mixture of both 4. 


purpose of cross wires two fine lines may be traced by a 
diamond upon the glass plates holding the liquid. In order 
to bring the fluorescent solution to the focus of the object- 
glass, the eye-piece tube must be made to slide sufficiently 
far into the tube of the telescope. 

The fluorescent object may consist either of uranıum glass 
or of fluorescent liquids confined between two very thin 
sheets of glass separated about the twentieth of an inch. 


lf the solar spectrum is the object of investigation, a ray of 
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light must be directed on to the slit by a lens of great focal 
length, if possible one of quartz. It is also advantageous to 
eliminate the brightest rays by means of a blue glass.* The 
eye-piece m n o (Fig. 131) is then brought to its usual 
position, with the axis coincident with that of the telescope, 
and directed upon the most refrangible part of the visible 
spectrum. The presence of the fluorescence stratum in no 
way hinders the examination of the visible spectrum, in which 
the Fraunhofer lines appear with great distinctness. In this 
position of the eye-piece the fluorescent spectrum formed 
from the glass plate is also to be seen, but to study it 


BI@, 187, 





Soret's Eye-piece for Observations of Fluorescence. 


minutely the eye-piece must be inclined as shown in the 
figure. The visible part of the spectrum is then removed 
from sight, and the fluorescence spectrum alone occupies the 
field; it appears of one tone of colour traversed by dark lines, 
the position of which may be determined by the crossed lines 
scratched upon the glass. 

Soret’s investigations extended over a great variety of 


* [With the solar spectrum the blue glass may be used, seeing the 
glass cuts off scarcely any of the ultra-violet solar rays. If the 
electric light be examined, the most refrangible rays would be 


absorbed. ] 
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fluorescent substances. With uranium glass the fluorescent 
spectrum was clearly visible at the line d, was very in- 
tense at H, but became indistinet beyond M, although the 
_ four lines at M could be recognised. A weak solution of 
horse-chestnut bark gave the most intense spectrum, in 
which even the line O was visible. A weak solution of 
naphthaline (red magdala) gave a less satisfactory spectrum 
in the ultra-violet beyond M, but presented a remarkable 
appearance in the portion of the spectrum corresponding to 
the visible rays, inasmuch as all the lines were clearly to be 
seen from near Das far asM. 

By the help of this eye-piece Soret was enabled to obtain 
valuable results with regard to the ultra-violet rays of the 
spectrum and other phenomena of absorption, the study of 
which had hitherto been almost exclusively confined to the 
visible rays. When direct sunlight was not used the electric 
spark was employed from a large Ruhmkorff induction 
eol. The eleetrodes in most frequent use were of 
cadmium, for the principal lines of which Mascart had 
determined the wave-lengths. Zinc was sometimes used 
in conjunction with cadmium, as also iron, in which case 
the bright lines were so numerous as almost to create a 
continuous spectrum upon which the cadmium lines stood 
‘out with great prominence. With electrodes of aluminium 
lines appeared of higher refrangibility even than with zinc. 

The lenses of the collimator and the telescope were of 
quartz, with a focal length of about 13% inches for the D-lines. 
The prisms were also of quartz with a refracting angle of 60°, 
the refracting angle being perpendicular to the axis of the 
quartz. The fluorescent substance in the eye-piece was 
generally an aqueous solution of horse-chestnut bark, con- 
fined between plates of glass and quartz, the quartz being 
turned towards the incident ray; under these conditions 
fluorescence is much stronger than with uranium glass. 

16 
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The substance whose absorption spectrum was to be 
examined was placed in front of the slit, or if the condensing 
lens was removed, near to the spark. The absorptive liquid 
was enclosed either in a glass vessel with sides of quartz, 
or in a glass tube about four inches in length, the ends of 
which were closed with plates of quartz. The liquids to 
be examined were in every case less than half an inch 
thick. In these observations Soret contented himself with 
dividing the spectrum into 32 parts, the first 25 divisions 
being marked off by the principal lines of cadmium as 
determined by Mascart. Although line 26 belongs to 
cadmium, it is not included in Mascart's measurements. 
Lines: 27:28, and 20 are the. last three of zins, and 
lines 30, 31, and 32—the last a double line—are the last 
three of aluminium. The first seven lines are bright, the 
eighth is ill-defined and belongs probably to the air; it 
is a little more refrangible than H of the solar spectrum. 

Fig. 132 shows a map of the absorption lines for the 
violet and ultra-violet portions of the spectrum. A table 
is furnished by Soret* of a great number of substances in 
which it is stated which rays the substance transmits, which 
it transmits in part, and which it wholly absorbs. 

A comparison has been instituted by Soret between prisms 
of quartz and Iceland spar, to test their relative trans- 
parency, and it was found that in general quartz was the 
most transparent. Iceland spar, therefore, should only be 
employed when the refrangibility of the rays does not 
exceed that of the lines of cadmium. 


62. PHOTOGRAPHIC REPRESENTATION OF SPECTRA. 


The value of a photographic picture of the spectrum of 
the sun or of any of the heavenly bodies does not depend 
solely on the circumstance that the individual lines are auto- 


* « Archives des Sciences Physiques’’ (Geneva 1878). 
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matically reproduced with perfect 
truth, but also on the fact that the 
ultra-violet and invisible part of the 
spectrum is also fully represented. 
The unequal chemical effect of the 
different rays, however, presents so 
many difficulties to their photo- 
graphic reproduction that it is im- 


3ossible to obtain all portions with 


| 
the same sharpness. A cause of 


this also lies in the fact that to 
obtain a photographic image of the 
ultra-violet rays, a quartz lens which 
is not achromatic is necessary :* 
with a lens of this kind the focal 
length varies according to the rays. 
The more refrangible rays have a 
shorter focus than the less re- 
frangible, so that only a very small 
part of the spectrum can be dis- 
tinct at once upon the photo- 
graphic plate. On this account 
Müller could oniy obtain a photo- 
graphic picture of the solar spec- 
trum by taking the ultra-violet part 
in a number of separate portions, 
each at different focal distances 
and with different exposures, the 
whole being afterwards put together. 
In this spectrum there are sixty 


dark lines of higher refrangibility 
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than H;; still the extreme end is somewhat ill-defined. 


* [Only for the very extreme ultra-violet rays. ] 


r [This is because the usual camera employed is unsuited. 
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Soret's Diagram of Absorption Lines, 
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Rutherfurd proceeded in a similar manner. As in an 
ordinary object-glass, even when achromatic, the optical and 
chemical foci are never coincident, the photographer is 
compelled to find by experiment the point at which the 
chemical rays unite, or with the solar image, the point at 


* of the sun is formed. In a 


which the chemical image 
telescope of 8 feet 24 inches focal length, the distance 
between the optical and chemical foci+ may amount to half 
an inch, and in a telescope whose focal length is 14 feet 
24 inches, this distance may be as much as $ of an inch. 
But even when the chemical focus is discovered there 
remains a certain amount of aberration disregarded by the 
optician in the construction of the instrument, which prevents 
the use of a high. magnifying power. To overcome this 
diffieulty Rutherfurd had a telescope constructed the lens 
of which was specially corrected for the chemical rays, and 
which, though unfit for the ordinary work of a telescope, 
enabled him to obtain excellent photographic images. To 
such a telescope he adjusted the spectroscope, and to the 
latter appended a photographic camera without an object- 
glass. He displaced the eye-piece so far that it acted as 
an object-glass and formed the direct image of the spectrum 
with its lines on the photographic plate. The photograph 
was then taken in the usual manner. The spectrum was 
divided into fifteen portions, and when put together the 
length was 6 feet Ir inches. As glass prisms were employed, 
the spectrum extends but little beyond the line H. If any 
portion of this photographie spectrum be compared with the 


arrangement is made by which the plate can be tilted at an angle 
between 30° and 50° to the axis of the lens, the whole of the blue, 
violet, and ultra-violet can be brought to a good focus. ] 

* [The reader must take this title cn grano salıs. A chemical 
image is a misnomer.] 

+ [The focus depends on the refractive index of the rays which 
are most photographically active. ] 
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same portion in Kirchhoft’s and Ängström’s maps, it will be 
found that though in the photograph none of the visible lines 
are absent, yet many other lines which are wanting in the 
maps are present. 

By means of one of Nobert's diffraction gratings, and by 
the use of prisms and lenses of Iceland spar, Mascart * 









succeeded in photographing the ultra-violet part of the solar 
spectrum as far as T, and in ascertaining the wave-lengths 
of the lines, which numbered about three hundred. The 
following table gives the measures of the principal lines, with 
the exception of A, S, and T, which he was unable to include 
in the spectrum. 




















VISIBLE SPECTRUM. | ULrra-Vioier SPECTRUM. 

Ray Index of Refraction | Wave length in Index of Re raction) Wave-!ength in 

oftheordinary Ray ro Millionths of Line. |oftheordinary Ray ro Mill onths of 
Line. | for Iceland Spar. a Millimetre. in Iceland Spar, | a Millimetre. 
A Benz | ——- "lt, 168706 | B8rao 

\ 165296 68667 | M 168066 | 37288 
c 1'65446 65607 N 169441 | 3580'2 
D 165846 5888 OÖ 169955 34401 
E 166354 52678 IP 170276 3360'2 
b 166446 ro I O 170613 3285°6 
FO 166793 48596 R 171055 3177°5 
G | 1'67620 43075 18 1'71580  — 
H | 1'68330 39672 |, T 171939 - 














In Mascart’s drawing the lines are placed according to the 
amount of deviation given by the prisms. It extends further 
into the ultra-violet portion of the spectrum than any 
previous work, but its value is impaired by the adoption 
of an arbitrary scale. A more complete map has been 
made by Cornu,f given in Plate XII. Owing to the employ- 
ment of ordinary crown and flint-glass prisms, the spectrum 
is not carried so far into the ultra-violet portion as Mascart's 


* Ann. sc.de l’Ecole norm. sup. Paris 1864, No. 5- 
r Ann. sc. de l’ecolenorm. sup. Paris 1874, No. 12. 
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drawing, but the result seems to prove that prismsand lenses 
of glass are better adapted to the investigation of the ultra- 
violet spectrum than has generally been supposed. The 
absorptive influence of the glass does not prevent the diffrac- 
tion spectrum from being photographed as far as P or even 
Q; with a prism of Iceland spar the photograph reached to 
P, with ordinary flint glass t0o OÖ. Cornu’s drawing of the 
ultra-violet spectrum may be regarded as a direct continua- 
tion of Angström’s spectrum; it is treated in precisely 
the same way, and the constants are taken from Ängström’s 
numbers. 

With the same object in view,—namely, completing 
Angström’s work,—a series of accurate measures and a vast 
number of photographs have been undertaken by Professor 
Vogel of Potsdam in conjunction with Dr. Lohse. These 
photographs extend from F to H-—from 489 to 389 
millionths of a millimetre of wave-length—.and are each about 
thirteen inches in length. The details of observation have 
been published by Dr. Vogel in No. 3 of the Astrophysical 
Observations at Potsdam, in which he has given the results 
of his experience with regard to photography as to length of 
exposure, width of slit, etc. The length of exposure was 
mainly affected by the condition of the sky; a slight veil of 
cloud had but small influence upon the portion of the 
spectrum lying between F and G, while at H it necessitated 
a double exposure. The greatest hindrance came from cirrus 
clouds ; the presence of cumuli had scarcely any effect upon 
the unclouded parts of the sky. The width of the slit is of 
the greatest importance ; it must not be diminished beyond 
a certain point: the most advantageous width proved to 
be 0'008 mill. The measurement of the lines from the 
photograph was accomplished by means of a special 
instrument consisting of a compound microscope mounted 
with a micrometer screw. The graphic reproduction of the 
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photographs was the joint work of Professor Vogel and 
Dr. Müller. Great attention was given to the exact 
rendering of all the details contained in the photographs 
which could not be described by letterpress or by numbers. 
“In really good negatives, where the exposure had been 
exact,” remarks Professor Vogel, “the space between the 
bright—in reality dark—lines does not appear uniformly 
black, but shows remarkable variations in intensity. In some 
places the impression produced is as if the depth of the dark 
background was modified by the presence of a system of 
excessively fine bright lines ; in other places there is no trace 
of any such system of lines, but upon a neutral shaded back- 
ground dark lines were distinctly visible. These dark lines, 
which represent bright lines in the solar spectrum, excited 
my notice in some of the earliest good photographs, and 
became the object of my special attention. Such places 
in the spectrum which were remarkably dark and had the 
appearance of lines were represented by dotted lines or 
rings. It must be expressly stated that great caution was 
used on this point, and only places so represented where 
there was satisfactory evidence that the effect of dark lines 
was produced neither by contrast with the neighbouring 
bright lines nor by uniformity at a spot occupied by an 
intermittent system of lines. 

“With instruments of moderate power bright lines have 
often been thought to appear in the solar spectrum in the 
neighbourhood of d, and also, when the sun is low, near D. 
The appearance is produced by a system of fine lines which 
are atmospheric in their origin, and which are arranged 
in groups, the intermediate space being remarkably bright. 
A greater dispersive power reveals at once the nature of the 
phenomenon. 

“It appears, however, that there are really bright lines 
in the solar spectrum, and as far as I know Cornu was 
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the first to draw attention to the fact. Upon the plate 
(Plate XII.) which accompanies his investigations upon the 
violet portion of the spectrum the position of the lines is 
more definitely pointed out (wave-length 38815 and 388°55).” 

Professor Henry Draper of New York obtained a photo- 
graph of the diffraction spectrum of the sun, which he 
reproduced by means of the Albertotype process, extending 
from wave-length 4205 to 3736. 

A number of excellent photographs have been taken of the 
spectra of the metals and gases by J. Rand Capron, by 
means of a simple apparatus consisting of a Browning 
spectroscope of five prisms and a small camera. The spectra 
of the metals were obtained sometimes by the spark, and 
sometimes by the voltaic arc. The spark was produced by 
a large Ruhmkorff coil, and the exposure varied up to fifteen 
minutes. The arc was formed by a Grove battery of forty 
elements. The electrodes, metal in the form of powder, and 
in some cases of solid metal. With the arc the exposure 
varied from three to five minutes. When the spark was 
used the spectrum of the air appeared with few exceptions 
together with the lines of the spectrum, but these latter 
were easily distinguished, as they were always shorter than 
the breadth of the spectrum, while the air-line spectrum 
traversed it entirely. In many of the photographs the air 
spectrum is the most prominent feature, and forms a scale 
by which to estimate the position of the lines of the metals. 
When the arc was used some carbon lines appeared, but these 
were of service as fixed points for the comparison of spectra. 

While Rand Capron was occupied with the practical object 
of facilitating the recognition of an element by means of 
its spectrum, Lockyer * was engaged upon the application 
of spectrum photography to the advancement of science. 


* [Lockyer had commenced his photographic work some time 
before Rand Capron. ] 
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By the photographic record of the spectra of metals in 
which the length of the lines (Fig. 81) was seen to 
vary according to the temperature and density of the in- 
candescent vapours, he sought to obtain data whereby to 
infer the physical constitution of the sun, and the causes 
of the various types of the stars. The facts thus collected 
would also be available for testing the purity of sub- 
stances, for ascertaining the ingredients of alloys, and 
above all for investigating the molecular constitution of 
the non-metallic elements and gases. The records of these 
observations are to be found in Lockyer’s work, “Studies 
in Spectrum Analysis.* 

In conducting this research it was necessary to photograph 
various spectra on the same plate and to bring them into com- 
parison with the solar spectrum. The manner in which 
this was accomplished is shown in Fig. 133. Upon a solid 
table rests the heavy stand C, carrying three prisms of an 
angle of 45°, and one of an angle of 60°. These are so 
adjusted that the light on emerging from them is directed 
through the camera at D on to the sensitive plate E. The 
prisms are protected from side light by a black cloth thrown 
over the instrument. The camera D contains a quartz lens 
of 2 inches diameter and about 5 feet focal length. By 
the use of the electric light or the solar rays a sharp image 
of the spectrum, extending from the wave-length 3900 to 
4500, is formed on the sensitive plate E. A is the electric 
lamp, with the arc between the carbon points. When sun- 
light is required the carbon points are replaced by a 
bi-convex lens, upon which the solar rays are directed from 
a heliostat; a second convex lens B throws the image of 
the sun or voltaic arc upon the slit o. 


* [This work gives merely an outline of Lockyer’s work up to 1878. 
An account of his later work must be sought for in the Proceedings 
and Transactıons of the Royal Society.) 
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To facilitate the comparison of various portions of spectra, 
and to record them photographically on the same plate, the 


slit must be so arranged that different sections of it may be 




























































































pparatus for the Sımultaneous Exhibition of the Spectra of Various Sources of Light. 


Lockyer's A 





illuminated in succession. The slit so constructed by Lockyer 
is shown in Fig. 134, where arrangements are made for 


obtaining five photographs. The slit is covered by a brass 
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sliding plate 2% inches long by 1$ inches wide, in which 
is an opening of t of an inch in depth, which leaves 
a corresponding part of the slide uncovered. In the sliding 
plate is a small pin, and in the plate of the slit is a succession 
of depressions, so that the motion of the first plate is stopped 
whenever the pin falls into a depression. Ihe distance 
between the depressions corresponds exactly to the width 
of opening in the sliding plate, so that the plate is moved 
forward each time to the extent of the exposed portion 


Fıic. 134. 
























































Slit for tne Reception ot the Spectra of Various Sources of Light. 


of the slit, and thus the spectra to be compared ‚are all 
brought into immediate contact. In the figure two portions 
of the slit are covered; by means of the uncovered parts, 
therefore, it would be possible to phkotograph from three 
different sources of light. If the slit is opened to its full 
extent, a spectrum will be obtained answering in width to the 
length of the slit ; if only one division of the slit is opened, 
there will be formed upon a corresponding portion of the 
plate the spectrum of the metal which is being volatilized. 
If this division is closed and the next opened, and another 
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metal placed in the flame, its spectrum will be received on 
the same plate in immediate proximitv to the first spectrum. 
By this means Lockyer has photographed the spectra of 
a great number of metals, and made it possible to institute 
an exact comparison between them and the solar spectrum. 


Examples of his work are given in Figs. 135 and 136. In 





Photographed Spectra of Metals. 


Fig. 135, No. I is the spectrum of the Lenarto meteorite ; 
No. 2 the spectrum of cadmium; No. 3 that of aluminium ; 
No. 4 that of iron—.nearly pure; No. 5 that of strontium ; 
in Fig. 136, No. I is the spectrum of barium ; No. 3 that of 


calcium ; and the central one, No. 2, is the solar spectrum. 


63. THE APPLICATION OF THE SPECTROSCOPE TO THE 
BESSEMER Process. 
One of the most important applications of the spectroscope 


to technical industry is in the manufacture of cast steel by 


THE BESSZEMER PROCESS. 
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the Bessemer process. Cast steel is cast iron freed from 
its carbon, and in the Bessemer process this is accom- 
plished by forcing a blast of air through the melted iron 
while confined in a pear-shaped vessel, termed the con- 
verter, until the carbon is oxidized. The heat of the molten 
metal is so intense that the incandescent vapours of all the 
substances in combination with the iron are visible at the 
mouth of the convertor in the form of flame. If this is 
examined with the spectroscope, it will be found that the 
spectrum undergoes important changes as the process of 
heating the iron advances, and these changes afford a means 
of recognizing the moment when the process of oxidation 
is complete and when the blast must be discontinued. The 
recognition of this moment is of extreme importance, inas- 
much as an error of less than a minute is sufficient to spoil 
a hundred tons of steel. And yet, before the application 
of the spectroscope, this responsible decision was practically 
left to the judgment of an experienced eye. The certain 
method offered by the spectroscope has led to its intro- 
duction in various forms, direct-vision and otherwise, in all 
the great foundries of Europe. 

The spectrum of the incandescent gases is subject to bril- 
liant changes during the successive steps of the process, 
and these changes follow with such regularity as to afford 
a certain indication of the actual state of the metal. The 
spectrum appears at first without lines, but no sooner 
do sparks begin to appear and the bright flames to escape 
from the mouth of the convertor, than the sodium line 
shines out brilliantly, and continues visible as long as the 
blast is applied. Next in succession appear the red lines of 
calcium and lithium, followed by a brilliant assemblage of 
green and pale blue lines, until when the maximum heat 
is attained, the brilliant spectrum of chloride of copper is 


exhibited. At this stage an experienced eye can sometimes 
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detect in addition a line in the violet. The characteristic 
lines, however, of the Bessemer spectrum are the band-like 


groups of lines in the blue and green. In the reverse order 


in which the lines made their appearance they gradually 
diminish in brightness, and successively vanish. After the 
disappearance of the blue lines there still remain some lines 
in the green, and it is at this stage that the spectrum must 
be unremittingly watched, for the only and unfailing indi- 
cation of the complete oxidation of the carbon is a gradually 
heightened brilliancy of certain lines which remain in the 
spectrum after the process of oxidation is concluded. Varia- 
tions in the description of iron ore exert a certain influence 
upon the appearance of the characteristic green lines. As this 
can only be ascertained by experience, some uncertainty may 
exist in the first operation, but this may easily be counter- 
acted by a mechanical test. If a small quantity of the boiling 
metal be abstracted by an iron rod and plunged into cold 
water, its appearance upon fracture will reveal the amount 


_ of steel in the convertor. 
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64. COINCIDENCE OF THE DARK FRAUNHOFER LINES WITH 
THE BRIGHT SPECTRUM LINES OF TERRESTRIAL ELEMENTS. 
—-KIRCHHoFF's Maps. 


The coinceidence observed by Fraunhofer of the two D- 
lines in the solar spectrum with the two bright lines dis- 
covered by Kirchhoff and Bunsen to be those of sodium 
induced Kirchhoff to put this coincidence to the most 
direct test by obtaining a tolerably bright solar spectrum, 
and then bringing a sodium flame in front of the slit. 

“] saw,” says Kirchhoff, “the dark lines D change into 
bright ones. The flame of a Bunsen lamp showed the 
sodium lines on the solar spectrum with an unexpected 
brilliancy. In order to find out how far the intensity of the 
solar spectrum might be increased without impairing the 
distinctness of the sodium lines, I allowed direct sunlight 
to fall upon the slit through the sodium flame, and saw to 
my astonishment the dark lines D standing out with 
extraordinary clearness. I replaced the light of the sun 
by a Drummond light,- the spectrum of which, like that of 
every other incandescent solid or liquid body, contaıns 
no dark lines; when this light was allowed to pass 
through a flame in which salt was burning, dark lines 
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appeared in the spectrum in the position of the sodium 
lines. The same thing occurred when, instead of a 
cylinder of incandescent lime, a platinum wire was used, 
which, after being made to glow in a flame, was brought 
near its melting-point by an electric current.” 

From these observations Kirchhoff could no longer 
doubt that the dark lines D in the solar spectrum were due 
to the presence of sodium vapour in the sun, and that they 
must be produced in the sun by reversion (absorption). 

After the existence of sodium had been thus suspected 
in the sun, Kirchhoff commenced the arduous undertaking 
of comparing the spectra of a variety of terrestrial sub- 
stances with the solar spectrum, to determine whether any 
of the lines of these substances coincided with the Fraun- 
hofer lines, —that is to say, if they appeared in the spectro- 
scope in the same place, and were of similar breadth and 
intensity. 

Kirchhoff allowed the light of the sun to fall directly on 
to the prisms through the /ower half of the slit, while the 
upper half was covered by the small comparison prism. The 
rays from an artıficial source of light placed at the side 
were so reflectted by the prism into the instrument, that 
while the solar spectrum with the Fraunhofer lines was 
seen in the upper half of the field of view in the (inverting) 
telescope, the spectrum of the artificial light appeared beiow, 
and in immediate contact with it. Thus the position of 
the bright lines of this spectrum could be compared with 
great accuracy with that of the dark lines of the solar 
spectrum. 

The artificial light employed was the spark from a 
powerful Ruhmkorff coil, with electrodes of the metals to 
be volatilized. 

By the comparison of these spectra with the dark lines 


ofthe solar spectrum, Kirchhoff arrived at the surprising 
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discovery, that the bright lines due to the vapours of 
several metals were coincident with the same number of 
lines in the solar spectrum.* 

The coineidence of the two sodium lines D is shown in 
Fig. 137 ; the upper part represents a portion of the solar 
spectrum with the two dark D-lines situated in the yellow ; 
the lower part shows the bright lines given by sodium 
vapour. With a more powerful instrument, another fine line, 
corresponding to a bright line of nickel, appears between 
the two dark lines. 

Two portions of the spectrum, the one al) 
situated in the yellow between 120 and 100 D 1 


125 of Kirchhoff’s scale, and the other in 


ei 


the green ‚between 150 and 154, are re- 
presented in Fig. 138. The lower thirteen 
bright lines, designated Fe=Ferrum (iron), 
are lines in the spectrum of iron; they 
fall in exact accordance with an equal 


number of dark lines in the solar spectrum. 





The remaining twelve bright lines indi- 
Coincidence of the 
Fraunhofer D-lines 


calcium, and are coincident with as many er the Lines of 
= odıum. 


cated by dots belong to the spectrum of 


dark lines in the solar spectrum. 

In the portion of the spectrum published by Kirchhoff 
there are some sixty bright lines of iron, coincident with 
as many dark Fraunhofer lines, and since then the coin- 
cident lines of iron have been increased to above 460. 
The coinceidence of so many bright lines cannot be the 
effect of chance. 

A glance at Fig. 139, in which the coincidence is shown 
of more than sixty of Kirchhoff's observed lines of iron 
with as many dark lines in various parts of the solar 


* [It must be recollected that only some of the lines are 
coincident. ] 
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spectrum between C and F, justifies the conclusion that 
those dark lines are to be ascribed to the absorptive effect 
of the vapour of iron present in the atmosphere of the 
sun. The chances that the coincidence of sixty lines is 
fortuitous, and not due to the presence of iron in the sun’s 
atmosphere, according to the doctrine of probabilities, is I to 
2”, or I to I1,152,930,000,000,000,000.* 

Kirchhoff’s researches led him to the following conclusions 


with regard to the existence of certain elements in the sun:— 
o 


Sun 


Iron 
g 


3 x 
CAleium. 





Doubtful. Not Present. 


Present. | 
| | . 
Sodium Nickel | Cobalt Gold Lead 
Iron jarium | Silver Antimony 
Calcium Copper | Mercury Arsenic 
Magnesium Zinc Aluminium Strontium 
Cadmium Lithium 
Tin Silicon 


To these Lockyer has added manganese, titanium, and 
hydrogen, and confirmed the suspected presence of cobalt. 
* [These probabilities are very much diminished, however, when it 
is found that not all the iron lines are found in the solar spectrum. 
Putting it in one way, it might be assumed that there was some 


substance in iron which was also in the sun.] 


DARK FRAUNHOFER 


Later, by “means. of va 
special application of pho- 
tography, Lockyer com- 
pared the spectra of most 
of the metals with the 
solar spectrum direct, and 
has published a series of 
tables which will be found 
in Appendix L. 

The non-existence of any 
metal in the sun cannot, 
however, be considered 
proved till after a careful 
scrutiny of the ultra-violet 
parts of the spectrum, in- 
asmuch as coincidences of 
lines might take place there 
although absent in the rest 
of the spectrum. 

Of the non-metallic ele- 
ments, oxygen, nitrogen, 
carbon,* or sulphur, there 
seems to be no certain 
trace discoverable in the 
sun, although Professor 
Henry Draper announced 
in the year 1876 that he 
had succeeded in recognis- 
ing, by means of photo- 
graphy, the existence of 
oxygen and probably also 


of nitrogen, and that though 
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-Coincidence of the Spectrum of Iron with sixty-five of the Fraunhofer Lines. 


139.- 


Fic. 


oxygen exhibits bright lines or bands in the solar spectrum, 


* [Lockyer has found carbon in the sun.] 
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it certainly produces no dark absorption lines.* To sub- 
stantiate his assertion Draper published an absolutely un- 
touched photograph of the solar spectrum, together with a 
comparison spectrum of air in which were some lines of 
iron and aluminium. 

Draper accounts for the oxygen lines not having been 
before observed by the circumstance that on a luminous 
ground bright lines do not make so great an impression 
on the eye as dark ones. Draper’s deductions, however, 





have not found general acceptance among spectroscopists. 
At the Greenwich observatory Mr. Christie has directed 
special attention to the subject. In the spectroscope attached 
to the great refractor a number of fine lines are visible which 
do not appear in either Ängström’s or Kirchhoff’s maps, nor 


7 WI Ft 


in Draper’s photograph, while the intenser absorption lines 
are comparatively narrow and sharply defined. The effect 


Erz 


produced is that a space between two dark lines which 


in a spectroscope of less power appears as a bright line 
ceases to appear so, and seems to be only the background 
formed by the continuous spectrum. In a drawing repre- 
senting the portion of the spectrum less refrangible than G, 
four such spaces included between the strongly marked 
lines 4314'4, 4316'3, 4318'I, and 4320'2 are to be noticed, 
which when not well defined or when seen with a low dis- 
persive power would be taken for bright lines, and in fact 
the two inner lines were so regarded and identified by 
Draper as a double oxygen line. But each of these spaces, 
as seen at Greenwich, is ten times as wide as the dark lines, 
and absolutely uniform in colour, without any appearance of 
fading at the edges. Now it is difficult to explain the 
existence of bright lines which should remain of considerable 
width and well defined at the edges when the slit was 
narrowed. Usually, when a bright line is wider than the 


* [This was the substance of Draper’s claim. ] 
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slit it fades away at the edges, but the spaces in ques- 
tion, or “bright lines,” are completely uniform in tint. 
Christie was further unable to detect the slightest variation 
in tint in the whole portion from 4312 to 4322, under 
circumstances which showed two fine absorption lines in 
each of these spaces, no trace of which was visible in 
Draper’s photograph. As already stated, the general opinion 
among spectroscopists inclines in favour of Christie’s views; 
still the subject is not placed beyond doubt, and before it 
can be decided further investigations are requisite. This 
is all the more necessary as Draper* has come to the 
conclusion, from photographs of the dark lines of the solar 
spectrum compared with the bright lines of gases as photo- 
graphed in the electric spark, that certain dark lines in the 
solar spectrum are in reality lines of oxygen.f Grating 
spectra were employed in these investigations. Between the 
wave-lengths 3864°50 and 470465 he found no less than sixty- 
five lines which, according to his measures, were either com- 
pletely coincident or nearly so with the lines of oxygen. 


65. KIRCHHOFF'S THEORY OF THE PHYSICAL CoNSTITUTION 
OF THE Sun. 


Kirchhoff’s discoveries led him to a new conception of the 
physical constitution of the sun differing widely from the 
theories entertained by Wilson and Sir William Herschel 
in explanation of the solar spots. According to Kirchhoff 
the sun consists of a sold or Partially liquid nucleus in the 
highest state of incandescence, which emits, like all incan- 
descent solid or liquid bodies, every possible kind of light, 
and therefore would of itself give a continuous spectrum 
without dark lines. This incandescent central nucleus is 

* [This is not Professor H. Draper, but his brother. ] 


+ [Schuster has also arrived at the same conclusion from measure- 
ments of the oxygen spectrum and that of the sun. ] 
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surrounded by an atmosphere of lower temperature, containing, 
in a state of vapour, many of the substances of which this 
body is composed. The rays of light therefore emitted by 
the nucleus must pass through this atmosphere before 
reaching the earth, and each vapour extinguishes from the 
white light those rays which it would itself emit in a glowing 
state. Now it is found, when the sun’s light is analysed 
by a prism, that a multitude of rays are extinguished, and 
Just those rays which would be emitted by the vapours of 
sodium, iron, calcium, magnesium, etc., were they self- 
luminous; consequently the vapours of these substances 
must exist in the solar atmosphere, and these metals must 
be present in the body of the sun. 

Could the light from the sun’s nucleus be set aside, and 
only that of the incandescent vapours of the sun’s atmo- 
sphere be received through the slit of the spectroscope, a 
spectrum would be obtained composed of the spectra of 
these substances ; that is to say, the same system as bright 
coloured lines which now appear as the dark Fraunhofer 
lines. The occurrence of a total solar eclipse affords an 
opportunity for applying such a test for Kirchhoff’s theory, 
for as the sun’s disc is then covered by the moon, and all 
light from the body of the sum is intercepted, no light can 
be received except from the solar atmosphere and the 
glowing vapours by which the nucleus is surrounded. 

Kirchhoff’s theory has received full confirmation from the 
observations of total solar eclipses. In that of December 
22nd, 1870, Young observed that when the sun was covered 
by the disc of the moon, all the Fraunhofer lines were 
reversed and the field of view filled with bright lines. The 
same phenomenon was observed by Maclear and Pringle at 
Bekul in India during the eclipse of December ı2th, 1871. 
On the approach of totality the bright lines increased in 
number and brilliancy with great rapidity, till for an instant 
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it appeared as if all the dark lines of the spectrum had 
turned to bright ones. The brilliancy of the lines then 
began to diminish, and so rapidly that it was impossible to 
follow the order in which they disappeared. The hydrogen 
lines, as well as D, d, and a few intermediate lines, remained 
visible for some time; upon their disappearance the field 
of view became dark. Upon the reappearance of the sun, 
Pringle also saw a great number of bright lines shine out from 
a continuous spectrum, which was visible up to the moment 
of the reappearance of the sun’s limb. A somewhat similar 
observation was made by Respighi. In the total solar eclipse 
of April 16th, 1874, a reversal of all the dark lines was 
observed by Stone, both immediately before and after totality, 
and the same was noticed in the eclipse of July 29th, 1878. 
The thickness of the reversing stratum appears from these 
‘observations to be comparatively very small: according to 
Pulsiver’s estimation it cannot much exceed 500 miles. 

As early as 1869 Secchi, by a method of observation of 
‚extreme delicacy, had proved the existence of this reversing 
stratum. The image of the sun, formed by his nine-inch 
equatorial, was enlarged by the object-glass of an excellent 
microscope, and examined through a spectroscope, consisting 
of three prisms of high dispersive power, which was further 
increased by the addition of a direct-vision system of prisms. 
After the slit had been placed tangentially to the sun’s edge, 
the clock motion was so arranged that the sun’s disc should 
gradually approach the field of view of the telescope. The 
following results were obtained :—I. At a short distance from 
the sun’s edge the light is so intense that its spectrum exhibits 
even the finest and darkest lines of the solar spectrum. 2. At 
a still shorter distance from the sun’s edge the bright lines 
of the prominences and of the chromosphere appear. 3. At 
a still nearer approach these bright lines become fainter, and 


there comes a moment when all the dark lines except the 
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most prominent, such as D and 5, disappear. 4. This last 
stratum yielding a continuous spectrum is very thin, for 
almost immediately after the appearance of the continuous 
spectrum, the complete solar spectrum, with all its dark 
lines, comes into view, and announces the entrance of the 
actual limb of the sun or photosphere. The phenomenon 
described under No. 3 is due to the reversing stratum, and 
its excessive thinness is no doubt the explanation that in the 
eclipses of 1868 and 1869 the reversal of all the lines was. 
not remarked. The reversal would doubtless occur during 
totality, but escaped the notice of the observers, partly from 
inexperience in this new field of observation, and partly from 
the instruments not being specially adapted to the exhibition 
of the phenomenon. Kirchhoff’s theory has therefore been 
triumphantly justified by observation, with the unimportant 
difference that the reversal of the lines does not occur in 
the far-reaching solar atmosphere, but in a lower stratum * 
lying immediately above the photosphere of which it possibly 
forms a part. 


66. THE ATMOSPHERIC LINES IN THE SOLAR SPECTRUM AS 


OBSERVED BY BREWSTER AND GLADSTONE. 


The Italian physicist Zantedeschi was the first to remark 
that the dark lines in the solar spectrum are not all 
invariable, and that the changes occurring in number, 
position, intensity, and breadth, in some of them are due to- 
the varying condition of the earth’s atmosphere. In 1856. 
Crookes called attention to the fact, upon which he placed 
some importance, that the atmosphere absorbed a great part 


* [Observations by Lockyer, in the eclipse of 1882, lead him to: 
suspect that the reversing vapours, instead of being confined to- 
one layer, have their locus at what he calls different heat levels. 
By this he accounts for the different lengths of the bright lines. 
seen at the commencement and end of total eclipses. ] 
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of the most refrangible rays, and that on this account the 
violet end of the spectrum was the most extended when the 
sun was nearest the zenith. This subject has since occupied 
the attention of Brewster and Gladstone, Piazzi Smyth, 
Secchi, and pre-eminently the French physicist Janssen, but 
their investigations have not as yet led to any conclusive 
result. 

Gladstone prepared drawings of the solar spectrum, which 
were laid before the British Association in 1858, and in 
which the dark lines which appeared as the sun approached 
the horizon were carefully registered. The cause of these 
lines was unknown, although it was suggested that an 
explanation might be found by observing some terrestrial 
source of light from a great distance. Gladstone observed 
the light at Beachy Head from a distance of twenty-seven 
miles, but without noticing the appearance of any new lines. 
Subsequently he again took up the subject with Brewster. 
They found that new dark lines and bands made their 
appearance in the solar spectrum when the sun approached 
the horizon, and that certain dark bands were more strongly 
marked in the morning and evening than at noon, when the 
sun is high in the heavens. As the sun when near the 
horizon transmits its rays through a stratum of air nearly 
fifteen times as thick as when at a high altitude, the idea 
was suggested that the atmosphere, though colourless, might 
obstruct the rays as vapours do, and exercise an absorptive 
influence upon the light proportionally to the thickness and 
density of the stratum through which the solar rays have 
to pass. 

The solar spectrum published by Brewster and Gladstone 
in 1860, nearly five feet in length, contains more than 2,000 
dark lines or bands. The violet end extends as far as in 
Fraunhofer’s map, while in the direction of the red it is of 


considerably greater length. The Fraunhofer lines retain 








The Brewster-G'adstone Solar Spectrum, with the Atmospheric Lines. 
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their original designations, while the lines 
and bands interspersed between them, and 
clearly separable one from the other, are 
marked by figures after the letters A, a, 
B, C, etc. Thus between A and a there lie 


three bands, marked A,, As, A;; 


>) 


between a 
and B there are eight lines or bands, marked 
A, Ay: =» +» Ag. . Ihere are seven lines be- 
tween B and C, sixteen between C and D, 
twenty-nine between D and E, ten between 
E and d, thirty between d and F, fifty between 
F and G, fifty-three between G and H, four 
between H and #, and ten between % and I, 
each line marked by a number, beginning 
always with I. DBesides these prominent 
lines, there are many very fine lines inter- 
spersed among them which are not enume- 
rated. Ihose lines and bands which are 
pre-eminently influenceed by atmospheric 
conditions, being more or less prominent 
according to the altıtude of the sun, are 
designated by the letters of the Greek 
alphabet. 

The solar spectrum given in Fig. 140 is 
taken from a reduced drawing by Brewster, 
and represents, in conjunction with the Fraun- 
hofer Ines A ..,. H altbe variable 
lines and bands of any importance marked 
by the Greek letters; the numbers are 
omitted. The drawing shows the spectrum 
as it appears when the sun is near the 
horizon; all the lines and bands marked by 
the Greek letters disappear from the spec- 
trum, or become more or less pale, as the 


sun attains a meridian altitude. These 
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bands were named by Brewster and Gladstone atmospheric, 
to indicate that they were formed by the absorptive power 
of the earth’s atmosphere ; but to what component of the 
air this selective absorption was due was not ascertained. 
In the least refrangible portion of the spectrum two in- 
tensely dark bands appear at sunrise in front of A, bordered 
by the fine lines Y, Z. A increases much in breadth, and 
preserves this width even when the sun has a considerable 
altitude. When A is observed at noon, it appears as a 
double line, or like two dark spaces separated by a narrow 
band of light; when the sun is setting, this bright stripe 
disappears, and the line is seen as one band of uniform 
width and intensity.* The group a increases in intensity 
towards sunset, but the individual lines do not blend into 
a band.f The strongest absorption takes place close to B. 
C and most of the lines between C and C, become darker, 
and C, (in the orange) is especially remarkable, as it deepens 
in intensity while the sun is yet high in the heavens. In 
England this line is visible during the whole day in winter, 
but not in summer; at sunrise and sunset it is one of the 
darkest and best-defined lines in the spectrum. C,, increases 
towards evening to a black band, and the double line D 
becomes very prominent. Behind D, a band, marked 8, 
begins, which is peculiarly characteristic of light that has 
travelled through a thick stratum of air. Even in a small 
spectroscope, this band may be readily seen at any hour in 
the diffused light of a dull day, but it is particularly dark and 


* [Whether at noon or sunset, A always preserves the same 
appearance, and there is doubt if it isan atmospheric line. Eggeroff 
has stated it is an oxygen line, but this needs confirmation. ] 

t [There is often a mistake made in comparing lines at sunset 
and at midday. At sunset the whole light is dimmed, and lines 
appear blacker from this cause alone. Itisa good plan to examine 
such lines through a darkly-tinted image at midday, and compare 
their appearance then with their appearance at sunset. ] 
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well defined during heavy rain or a thunderstorm, and at 
sunset it becomes almost black. The same is noticed in the 
bands e and £, as also in the line n, which is very distinct at * 
evening, and from its proximity to E, which remains un- 
affected by the atmosphere, may easily be mistaken for it. 
On the further side of 5 are several other remarkable 
atmospheric bands, particularly sand x. F loses its sharp- 
ness at sunset, and seven bands from X to s become visible 
between FandG. AtGithe only change is a loss of bright- 
ness towards evening, but a still greater amount of absorption 
takes place beyond, in the violet rays. 

The western sky immediately after sunset affords the best 
opportunity for observing these dark atmospheric lines, 
especially the bands ö and &£ in the bright parts of the 
spectrum. If the sky is red, the lines C, C,, D, 8 usually 
appear as four very dark bands, but when the sky is yellow 
they are much less distinctly marked. 


67. THE TELLURIC LINES IN THE SOLAR SPECTRUM AND THE 
SPECTRUM OF AÄQUEOUS VAPOUR, AS OBSERVED BY 


JANSSEN. 


In 1864 the investigations of Brewster and Gladstone were 
pursued by the French physicist Janssen, for the purpose of 
discovering to what substances in the atmosphere the selec- 
tive absorption of the solar spectrum was due. With an 
instrument of his own construction, composed of five prisms, 
he succeeded in resolving the dark bands noticed by the 
English observers into very fine lines, and in ascertaining 
that their intensity was perpetually varying. He found 
them to be darkest at sunrise and sunset, and less intense 
in the middle of the day, but they were never entirely absent 
from the spectrum, a pericdicity of change which at once 
proves their atmospheric origin. To precure still more de- 
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cisive evidence on this point, Janssen resolved to pursue 
his observations on the solar spectrum from the top of a 
high mountain, whence the absorptive influence of the lower 
and denser stratum of the atmosphere would be excluded, 
and the effects of absorption would be manifested in a 
modified form. 

For this purpose, in the year 1864 Janssen remained for 
a week at the summit of the Faulhorn, at a height of 8,300 
feet above the sea, and convinced himself that the variable 
dark lines in the solar spectrum were undoubtedly much 
fainter there than in the plain. But in order to discover 
the origin of this absorption, and to obtain proof that these 
lines were alone due to the earth’s atmosphere, he selected 
for examination artificial light, since the light of the sun 
before reaching the earth has to travel for millions of miles 
through foreign media. 

In October 1864 he caused a large pile of pine wood to 
be set on fire at Geneva, at a distance of thirteen miles from 
his place of observation, and observed the flame in the 
spectroscope ; when viewed near, the fire gave a continuous 
spectrum without dark lines, but at the full distance some 
of the dark lines appeared which Brewster had observed in 
the spectrum of the setting sun. 

It now remained for Janssen to determine whether this 
atmospheric absorption was to be ascribed to the air or to 
the aqueous vapour contained in the air, an investigation 
beset with unusual difficulties, but which was at last 
accomplished when in 1866 the Gas Company of Paris 
placed a piece of apparatus at his disposal. 

An iron cylinder 118 feet long, after being exhausted of 
air by forcing steam through it under a pressure of seven 
atmospheres, was filled with steam and closed at both ends 
by pieces of strong plate-glass. The cylinder was sur- 
rounded with sawdust to prevent radiation, and additional 

18 
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precautions were adopted to 
preserve the steam from con- 
densation, and thus maintain 
its transparency. A very bright 
flame (produced by sixteen 
united gas-burners) was ex- 
amined by the spectroscope 
through the length of the 
cylinder, so that the rays in 
reaching the instrument had to 
pass through a stratum of 
aqueous vapour II8 feet thick. 
The specetrum of the light in 
the air was entirely free from 
absorption lines; but seen 
through the cylinder of steam, 
groups of dark lines appeared 
between the extreme red and 
the line D, similar to those 
seen in the spectrum of the 
setting sun. By this means not 
only was the proof furnished 
that a large number of the vari- 
able lines in the solar spectrum 
are due to the presence of 
aqueous vapour in the earth’s 
atmosphere, but also a method 
secured for detecting the pre- 
sence of aqueous vapour in the 
heavenly bodies. 

Fig. I4T represents the solar 
spectrum between the lines C 
and D as drawn by Janssen ; 


the upper half is the spectrum 
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of the sun in the meridian, the lower half that of the 
sun at the horizon. Those lines which present the same 
appearance in both halves belong exclusively to the sun, 
while those which are darker in the lower than in the upper 
half are Zelluric lines. 

It has been further shown by Janssen that almost all 
telluric lines are produced by the agueous vapour of the 
earth’s atmosphere ; that an absorptive influence is also 
exerted by this vapour on the invisible portion of the solar 
spectrum beyond the red (that is to say, in the heat spectrum), 
where it produces absorption lines ; and, finally, that it affects 
the whole of the violet portion of the spectrum in a manner 
more nearly uniform than selective. 

The absorption spectrum of aqueous vapour consists there- 
fore of all the lines introduced into the continuous spectrum 
by the aqueous vapour of the earth’s atmosphere; it is an 
absorption spectrum which may be easily constructed for the 
portion between C and D by leaving out all those lines from 
the lower part of Fig. 141 which present a similar appearance 
to those in the upper half. It has been proved that the 
groups marked Cß and D arise from the aqueous vapour 
in the atmosphere ; the Zelluric character of the central group 
Cy has been also established by Janssen, but it remains 
uncertain whether they are likewise to be attributed to 
aqueous vapour. 

The investigations of Janssen were not confined to the 
portion of the solar spectrum included between C and D; he 
continued the spectrum in another map, reaching from below 
the line B to beyond D; in this spectrum are included the 
three groups marked by Brewster a, ß, y, ö (Fig. 141). He 
also extended his observations to the light of the moon and 
stars, with the view of ascertaining if the stellar light, 
which differs from that of the sun, is subject to similar 


changes in its passage through the earth’s atmosphere. 


11. 
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With this object he applied a small direct-vision spec- 


troscope to a powerful .astronomical telescope, and examined 


the spectrum of Sirius as the star rose above the horizon. 


In its very bright spectrum were several dark bands occupy- 
ing precisely the same position as the dark bands that appear 
in the solar spectrum at sunrise and sunset. As Sirius gained 
in altitude, the intensity of these telluric bands diminished 
until as the star passed the meridian they disappeared. 


Fig. 142 gives the spectrum of the sun (1ll.), and that of 
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Spectrum of Sirius and the Solar Spectrum on the Meridian and at the Horizon. 





Sirius (l.), as seen in the small spectroscope when observed 
in the meridian and at the horizon. The dark bands marked 
I, 2, 3 are evidently tellurice absorption bands common to 
both the sun and Sirius when near the horizon. 

Secchi also observed for many years the tellurie lines of 
the solar spectrum. From the first he expressed an opinion 
that these dark lines which vary with the place of the sun, 
the position of the observer, and the amount of humidity in 
the air, were to be ascribed to the absorptive action of the 


aqueous vapour in the atmosphere. The influence of the 
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weather was apparent, for while 
some of these lines were invisible 
in clear weather with a north wind, 
they were strongly marked on dull 
days with the wind in the south. 
Secchi also observed and measured 
the dark absorption lines during 
rainy weather in the spectrum of 
a flame distant 2,000 metres (I4 
mile), as well as in that of large 
fires kindled on the mountains. 


Aneström of Upsala in the year 
oO „ 








1864 instituted careful investiga- 
tions of the telluric lines in the 
solar spectrum, and introduced these 
lines into his maps according to 
the wave-lengths of the colours 


they absorbed. In Fig. 143 a map 
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of these lines is given on a reduced 
scale; the lines and bands are all 
atmospheric with the exception of 
the Fraunhofer lines C, D, E, 5, F. 
Angström thus describes the order 
ofthe phenomena produced by the 
absorptive power of the atmo- 
sphere as the sun approaches the 
horizon. See Plate XI. 

The violet portion of the spec- 
trum disappears as far as G; the 


absorption then keeps advancing 


BROWNISH RED 


towards the red, and intensifies the 


dark bands near F and D. Simul- 





taneously the lines A, B, and a, 


which are always visible in the red, become much darker, 
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and the lines of aqueous vapour both at C and D con- 
tinually augment. At last the only parts remaining bright 
lie between B and a, between a and 6, and in the greater 
portion of the greenish-yellow in the vicinity and to the 
right of 8, while the portion between B and ö is more or 
less shaded by dark bands. The part of the spectrum least 
affected by the telluric absorption lies between D and Ö. 

Angström concurs with Brewster that nearly all the 
changes of colour in the red glow of sunrise and sunset 
can be explained by the phenomena of atmospheric absorp- 
tion. He is of opinion that the bands A, B, a, and Ö are 
not produced by the aqueous vapour of the atmosphere, as 
they are nearly constant, and are unaffected by changes of 
temperature. He supposed that the lines were due to 
carbonic acid; but when Huggins compared the spectrum 
of the carbonic acid of free air with that of the atmosphere 
no difference was perceptible. An addition of carbonic acid 
brought out a few new lines, which were not, however, 
coincident with those of carbon. 

In the balloon ascent undertaken by Sivel and Croce- 
Spinelli on the 22nd March, 1874, it was remarked that at 
a height of 34 miles, the dark band ö to the right of D was 
no longer visible; and that, at a height of 44 miles, the 
band to the left of D had also disappeared. These obser- 
vations, however, are at present too isolated to afford a 
foundation for any definite conclusion. 

[One of the most beautiful researches on the subject of 
telluric lines has been made by Cornu. It will be seen in 
a subsequent chapter that the position of a line slightly 
varies from its normal position according as the vapour 
through which the radiation comes is approaching or 
receding from the observer. Now we know that the sun 
rotates, and that consequently one limb, with its vaporous 
envelope, is approaching us, whilst the other limb recedes 
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from us. If then the centre of the sun’s disc be observed 
where there is no motion towards the observer, the lines 
due to the incandescent vapour will be in their normal 
position, whereas if the light from the east or west limb 
be observed, these lines will be slightly displaced. In both 
cases the position of the lines due to atmospheric absorp- 
tion would be the same. If then by an artifice the images 
of the east and west limbs of the sun, alternately and fairly 
rapidly, be thrown on the slit, the solar lines will be seen 
to recede from and advance towards the air lines. It is 
thus that Cornu has studied the question and mapped a 
large portion of the spectrum. | 


68._ THE TeLLurıc Lines IN THE SOLAR SPECTRUM AS A 
MEANS OF PROGNOSTICATING THE WEATHER. 


The telluric lines in the solar spectrum being caused by 
the moisture of the atmosphere, and their width and intensity 
being governed by the amount of this aqueous vapour, it 
would seem to be possible to estimate the amount of mois- 
ture by the intensity of the lines. The greater the amount 
of vapour in the air the greater is the tendency, under 
similar conditions, to produce rain, which is merely the 
condensation of the aqueous vapour of the atmosphere. 
Meteorology, it is true, possesses in the psychrometer an 
instrument to measure the amount of moisture in the air, 
but its action is very imperfect, and it can only take 
cognizance of the condition of the air in its immediate 
neighbourhood. As the aqueous vapour of the atmosphere 
is formed at great heights, especially in those strata where 
rain and snow are formed, the psychrometer is quite 
unable to give any information as to the condition of the 
air in those regions. This is not the case with the spectro- 


scope. In whatever direction it is turned, it takes account 
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of the total absorption effected in a straight line from the 
observer to the furthest boundary of the atmosphere. Pro- 
fessor Piazzi Smyth seems to have been the first to employ 
the spectroscope with reference to the accompanying meteoro- 
logical conditions, and his observations date from 1874. In 
an article in Nature, vol. xii., p. 232, he describes his first 
study in the matter. 

His attention having been awakened to the subject, 
Professor Piazzi Smyth pursued his investigations further. 
For several months, when observing with the spectroscope, 
he recorded the amount of moisture in the air by the psychro- 
meter, and although, as we have pointed out, the quantity 
of vapour in the higher regions of the air cannot be thus 
registered, still there was a very tolerable agreement in the 
results furnished by the two instruments. Under otherwise 
similar circumstances, the lines of aqueous vapour increased 
in blackness in proportion to the amount of humidity in the 
air. It is obvious that in examining the state of the atmo- 
sphere, and for the comparison of the tellurie lines, the spec- 
troscope should always be directed at the same angle above 
the horizon, and the observations are of most value when 
this angle is small. Under these conditions Piazzi Smyth 
secured the following results :—In frosty weather, when the 
moisture of the air was at its minimum, the normal spec- 
trum of the dry gases of the atmosphere was obtained. It 
consists principally of the line B, of the line a between C 
and D, and of a very striking band near D towards the 
green. This band is remarkable not only from appearing 
as a dark shadow in the brightest part of the spectrum, 
but also because it is chiefly developed at a low altitude, 
and on this account is designated by Smyth as the “low 
sun band.” In summer, with a high temperature, when 
the atmospheric moisture is considerable, there was ob- 
served, in addition to the dry gas-spectrum mentioned 
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above, a strong aqueous vapour line, immediately following 
C, also a much stronger and double line, or rather two 
bands of lines, just before D. In practical meteorology, 
this group of lines in the spectrum of aqueous vapour is 
the only one that need be studied. 

When familiarity has been gained with the normal 
appearance of this band at a given temperature, and its 
intensity is observed to become twice as great without any 
great alteration in temperature, it may be safely regarded 
as a “rain-band.” For this excess of blackness infallibly 
declares that the moisture of the atmosphere has become 
too great to be long further suspended, and must soon fall 
in the form of rain. Fig. 144 exhibits the various appear- 
ances of the rain-band as drawn by Piazzi Smyth, both 
in direct sunlight and in the diffused light of day. The 
former cannot often be observed; its appearance is shown 
in No. IV. The shaded surfaces indicate the diminution 
of light in those parts of the spectrum. It will be noticed 
that all the lines are faint with the exception of A. This 
spectrum is seen on a summer day at noon, when the 
air is dry. No. V.-is the direct solar spectrum at sunset, 
or when the sun approaches the horizon on a dry, cold 
winter's day. It differs obviously from No. IV., especially 
in the increase of darkness in front of B, and in the 
addition of a band at a. No. VI. gives the direct rain- 
band spectrum, as seen on warm damp summer days, 
when the sun is low, or on the approach of a thunder- 
storm. The most striking feature is the intense dark band a, 
and next the Lands in front of D, as well as the dark 
shadows ö in the yellow-green. The increase in the breadth 
and intensity of y is extremely characteristic, as also the 
dark line near C, and the broad band at a. As we have 
already observed, when there is great dampness in the air, 


and rain is imminent, it is seldom that the direct solar spec- 
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Fıc. 144. The Rain bands in the Solar Spectrum after Piazzi Smyth, 
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trum can be obtained, and the observer must therefore be 
contented with the scattered light reflected from the sky. 
Even thus the rain lines are very marked, perhaps even more 
intense, but the portion of the spectrum to the left of B is no 
longer visible. Nos. ]I., II., III. are good examples of such, 
as given by Piazzi Smyth, No. III. being the most important, 

The author of this work has been in the habit for some 
years of regularly observing, in the service of meteorology, 
the aqueous lines, employing for this purpose a direct-vision 
spectroscope of three prisms, by Messrs. Reinfelder and 
Hertel of Munich. In dry weather, with a suitable adjust- 
ment of the slit, the instrument shows the D-line distinctly 
double. For observations of this nature such an instrument 
can be safely recommended, for after comparison with many 
others it was still found to be the most suited for the 
purpose. 

From the observations hitherto made it would appear that 
upon a strong development of the aqueous vapour lines, 
rain generally follows within from three to twelve hours. In 
winter, however, the lines do not come out so strongly as in 
summer, when they are almost an unfailing indication of 
rain. This may happen, too, when at the time of observation 
the sky is cloudless. It may be remarked here that these 
observations are by no means so simple as appears from 
Piazzi Smyth’s representations, inasmuch as it requires great 
practice to become so familiar with the normal appearance 
of the spectrum in the instrument employed as to detect any 
variation that may take place. The intensity and definition 
of the lines can best be registered by gradations, five of 
which will be found sufficient ; so that if the line B, which is 
usually the strongest and darkest, be registered by five, a 
line only just visible will be designated by one. In this way 
numerous observations may be collected, and afterwards 
compared and arranged according to the accompanyıng atmo- 
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spheric circumstances, and a mean value obtained. Sup- 
ported by such investigations, the spectroscope may do good 
service in the prognostication of the weather, at all events 
better than any hygrometer. In Fig. 145 that portion of the 
spectrum is given in which the rain-bands chiefly occur; 
it represents the spectrum as seen in summer before rain, by 
the use of the instrument just described. 

[The subject is not yet fully worked out, however. There 
are /ines due to aqueous vapour, but there seem to be also 
bands due to water in a state approaching to that of a liquid. 
Abney and Festing found, after a year’s observation, that 
the amount of water in the air could be perfectly prognosti- 
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Marked Exhibition of Lines in the Rain-bands in the Solar Spectrum (Klein). 





cated by the appearance of the photographed solar spectrum 
in the red and infra-red regions. The bands which appear 
in the absorption spectrum of water of different thicknesses 
when a continuous spectrum was transmitted through a layer 
of it coincided with the bands of absorption in the solar 
spectrum when different degrees of moisture were present in 
the atmosphere. The spectrum ofa vapour is essentially a 
line spectrum, whereas that of a liquid is a banded spec- 
trum ; hence the presence of these bands indicated liquid 
water, whilst the line spectrum showed the presence of 
aqueous vapour. There is a band below a which always 
increases in intensity when rain is about to fall, showing 
that the vapour is being condensed into a liquid. ] 
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69. TELESCoPIC APPEARANCE OF THE SOLAR SURFACE. 


The sun is to us the most important of all the heavenly 
bodies, and must therefore always form one of the chief 
objects of astronomical research. It is, however, a research 
fraught . with peculiar difficulties, owing to the enormous 
amount of light and heat which the sun“ emits. 

In observing the sun, it is usual to place a dark-coloured 
glass, introduced between the eye-piece and the eye, and 
so to reduce the light to a moderate brilliancey. This plan 
suffices to show the principal phenomena on the surface 


of the sun; but if careful investi- 


Fıc. 146. 


gation is to be made with a large 
telescope, the dark glass must be 
replaced by a solar eye-piece. This 
consists of a right-angled prism of 
glass (Fig. 146), from the hypo- 


tenuse surface of which the inci- 





dent ray O I is sent into the eye- 


Representation by Projection 


piece in the direction of Io. This RT ehe 


ray is much enfeebled in con- 

sequence of a considerable portion of the light being lost by 
its falling on the inner surface of the prism in the direc- 
tion IZ#. The prism is confined in a metal case (Fig. 147), 
open at one side to avoid extreme heating. The diminution 
of light by this reflection being still insufficient, a lightly- 
tinted glass is also requisite. An inconvenience attending 
this form of eye-piece is that it rapidly,becomes -heated, so 
that when applied to a telescope of.-six or more inches 
aperture, and the sun observed at a high:altitude, obser- 


vations can only be carried on for a few minutes at.a time; 


* [We must not complain ofan abundance of light ;, it ‚is where 
there is but a feeble light, as in stellar light, that we encounter 
the greatest difficulties.] 
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the image, too, is not well defined with a high power. 
A preferable arrangement is the polarising eye-piece, such 
as was employed by Secchi. The light falls at an angle of 
36° upon the prism P P’ (Fig. 148), by which it is polarized, 
and next falls at the same angle of 36° upon a mirror of 
black glass A, B, placed parallel to the prism, whence it 
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Eye-piece Tube of the Solar Eye-piece. 


is finally reflected at the same angle on to a second mirror, 
C D. While the prism and first mirror are permanently 
connected with one another, the mirror C D, mounted in 
a tube, revolves round the first reflected ray, and may be 
placed at any required azimuth with regard to the ray. If 
the reflecting surface of the second prism C D is placed 
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Path of the Rays in the Polarising Solar Eye-piece. 





perpendiceularly to the reflecting surface of the first prism 
ADB, the sunlight will be so reduced that the eye can 
receive it without inconvenience, even when the sun is at 
its highest. The light does not absolutely disappear, nor is 
it desirable that it should. Fig. 149 shows the eye-piece one- 
fourth of the natural size. 

If projected on to a screen, the sun’s image may be 
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viewed by the unassisted eye. An arrangement for this 
purpose is shown in Fig. 150. A Bis the telescope, to which 
arod, L K, is attached, supporting at its lower end the board 
Q ©. This board must be placed perpendicularly to the 
optical axis of the telescope, and at such a distance from the 
eye-piece B as to ensure a sharp image. The phenomena 
generally present are spots, some lighter, some darker than 
the general surface. The former are called facul®, the latter 
sun-spots. With a sufficiently powerful telescope it will be 
noticed that the background of the solar surface is by no 
means even or uniformly bright, 
but that it has a mottled or 
granulated ' appearance. This 
granulation is not so well seen 
by projection as by direct vision 
through a solar eye-piece. The 
appearance is described by 
Secchi as if the surface of the 


sun were completely covered 


al 


size, but of very different forms, Polarising Apparatus in the 
Solar Eye-piece. 





with small grains of nearly equal 


the oval mainly predominating. 
The very narrow space between the grains forms a net- 
work, dark, but not quite black. In Fig. ı5ı we have 
endeavoured to give the general character of this remark- 
able conformation, but it would be vain to attempt a faithful 
representation of its details, as it is scarcely possible to 
give any description of this structure. The nearest re- 
semblance is perhaps to be found in dried milk as it 
appears through the microscope when the globules have 
lost their accustomed form. When the sky is favourable 
the usual appearance with a low power resembles that given 
in Figs. ı51 and 152, namely, that of small white specks 
thickly scattered over a very fine dark net. - With the 
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smallest tremor or disturbance of the air, the image subsides 


into a surface of uniform smoothness. Sometimes the grains 














lelescope for Solar Observations Fitted with Apparatus for Projecting the 
Image on a Screen. 


congregate into groups forming luminous patches. On 


account of the elongated form, they have been compared to 


rice, grains. 
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But, undoubtedly, the chief objects of interest in solar 
observations are the sun-spots. : These are exceedingly 
irregular and varied in form, and though they generally 
remain only a few days, yet they sometimes continue for 
weeks, or even for months, but never, so far as observa- 
tion tells us, for a whole year. 

In Figs. 153 and 154, representing a solar spot as ob- 


served by Secchi, all the features of a spot may be traced, 


et 
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Granulation of the Surface of the Sun. 


the penumbra in its various forms, and the granulated 
luminous appearance of the surrounding surface of the 
sun. This surface is called the Shotosphere, a name given 
without reference to any particular theory as to its physical 
constitution or structure. ‘The photosphere is entirely covered 
with /ores, or small spots, less luminous than the other 
parts: where they congregate, and become conspicuous by 
forming a black nucleus and shaded penumbra, they con- 
stitute the ordinary solar spot; where the portions of greater 
brilliancy than the surrounding parts of the photosphere con- 


19 
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gregate, they form the facul®, and these generally accompany 
the spots or precede their formation. 

In order to trace the changes through which a spot usually 
passes, it will be well to follow the description and accom- 
panying drawings by Secchi. 

“On the 28th of July, 1865,” he remarks, “at the place 
where the spot burst out there was nothing striking to be 


noticed, neither pores nor facule. On the 29th there were 


So 
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Granulation of the Surface of the Sun. 


only to be seen three black specks. On the morning of the 
3oth, at half-past ten, we were surprised to observe a large 
spot in the middle of the sun’s disc. T’he mean diameter of 
this great cavity was 76 sec., or about four and a-half times 
the diameter of the earth. In the middle of the spot we 
observed an accumulation of luminous matter, which appeared 
to be in rotatory motion, and was surrounded by countless 
rifts. In the midst of this chaos four centres of motion 


seemed to be distinguishable. To the left at a (Fig. 153) 


there appeared a wide, gaping chasm, around which tongues 


TERBBSCOPIC APPEARANCE. 293 


of flame were entwined in various directions; in the midst 
of these flames could be clearly distinguished a veil of half 
light surrounding a depth of deeper blackness. 

“In the upper part at 5 was a second centre, smaller than 
the first, which was sharply defined at the upper edge, and 
at the lower edge was similarly bordered by a multitude of 
little tongues of flame. To the right at c yawned a wide rift 


in the form of an S, over which stretched tongues of fire, 





Solar Spot of zoth July, 1865, after Secchi. 


and loose fragments of luminous matter. Finally, in the 
lower part, on a level with d, was another elongated and 
convoluted chasm, the confused turmoil of which defies 
description. In the part central to these four cavities was 
gathered a mass of facule and fiery matter having the 
appearance of a boiling chaldron. 

“Everything connected with this spot was in a state of 
stormy and tumultuous movement. Although the drawing 
was made as rapidly as possible, yet before it was completed 


the part first drawn had already assumed quite a different 
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character. In the evening a second drawing was made, but 
it resembled the first only in the principal features. In the 
middle was a moving mass of photosphere ; beyond came a 
ring of gaping rifts, among which the four large ones 
appeared unchanged in position. On the following day the 
appearance of the spot had visibly altered. Fig. 154 gives 
a representation of this new aspect. The four principal 


centres are still discernible, but they seem to have become 





Solar Spot of 30th July, 1865, after Secchi. 


merged into two, and to be connected with one another by 
bound-up rents. The cavity 5 is clearly distinguishable, 
and is separated from the large rift by the interlacing of the 
photosphere. The two other cavities a and bare still con- 
nected, but have become more developed : the middle mass 
is drawn out lengthwise, and its aspect calls to mind that of 
a fold of cotton-wool which has been pulled out at both ends. 
In twenty-four hours the dimensions of the spot had con- 
siderably changed, the length had almost doubled, and 


amounted to 147 seconds of arc. The following day the 
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central mass separating the four cavities had resolved itself 
into a kind of enclosure, upon the surface of which luminous 
grains seemed scattered.” 

Solar spots are often surrounded by a border somewhat 
less dark, termed the penumbra, which in exterior outline 
follows tolerably closely the outline of the spot itself. 
Sometimes the penumbra will be traversed by bright bands 
directed radially towards the central nucleus, which give the 
spot the appearance as if streams of some luminous matter 


had broken through the dam formed by the penumbra, to fall 





Solar Spot with Radial Furrows in the Penumbra, and with Bridges in the 
Nucleus. 


into the abyss ofthe nucleus. Even the nucleus itself is often 
crossed by one or more broad luminous bands or dridges, by 
which it is divided into several portions (Figs. 155 and 156). 

Bright places also frequently make their appearance on 
the sun’s surface, which are termed jacule. They are 
generally the attendants of solar spots, and are especially 
to be seen at the extreme edge of the penumbra when the 
spot has reached the sun’s limb ; that they are not the effect 
of contrast between the dark spot and the neighbouring 
brightness is proved by the circumstance that every spot 


is not accompanied by facule, and that very frequently 
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isolated facule are to be seen around which no spot had 
yet formed. 

The faculs, like the spots, vary considerably in form ; 
generally they are round and concentrated, but often they 
have the appearance of long streamers of light (Fig. 157), 
converging from all sides towards a spot. 

The wreathed facule are almost always followed in a few 


Fi. 157° 





Faculae Surrounding a Spot, after Chacornac. 


days by a group of spots; among the vein-like waves of 
light visible in many places, more especially towards the 
sun’s limb, there is first developed a dull scar-like place out 
of which the spots are formed, sometimes singly, sometimes 
in groups; and not unfrequently the formation of a spot 
may be predicted from the increased intensity of light at 
that place. 
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When a spot is observed near the sun’s limb in the midst 
of the surrounding facule, it is difficult to avoid the 
impression that the spot lies in a hollow between bright 
overhanging mountains; and it was observed by Secchi on 
the 5th of August, 1865, that the faculae when they reached 
the western limb of the sun appeared like small projections 
and irregularities upon the sharply-defined edge. 

Although the connection between the facule and the spots 
is not yet understood, it may be safely concluded that the 
spots lie deeper in the solar surface than do the faculz, and 
that these faculse are mountainous elevations of the luminous 
matter of the photosphere which surround the spot like a 
wall. 

The great changes which sometimes occur in a solar spot 
may be seen from the four drawings (Fig. 158) of the large 
spot that appeared in 1865, more than 46,000 square miles 
in area. No. ı shows the form of the spot on the zth of 
October, when it was first visible on the eastern (left) limb 
of the sun; Nos. 2 and 3 as it appeared on the Ioth and 
I4th of October (central view), when a bridge had been 
formed across the nucleus; and No. 4 as it was seen on 
the 16th of October. 

The form of a spot on first appearing on the eastern limb 
of the sun is that of a narrow dark streak, which for the first 
few days moves but slowly towards the middle of the sun’s 
disc ; its speed afterwards increases till it has accomplished 
half the journey across the disc. The motion then slowly 
diminishes until the spot again assumes the form of a narrow 
streak, and disappears at the opposite (western) limb of the 
sun. It not unfrequently happens that the same spot which 
has been observed to disappear on the western limb has in 
the course of about fourteen days been seen to reappear on 
the eastern limb, and in the lapse of another fourteen days 
has disappeared a second time on the western limb, a 
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phenomenon that proves not only that the spots are con- 


nected with the surface of the sun, but that the sun has a 


Fıc. 158. 
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The Great Solar Spot of 1865 ({rom 7th October to 16th October). 


revolution upon its axis. The time of rotation calculated 
from this data amounts to twenty-five days five hours 


thirty-eight minutes. 
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70. SPECULATIONS AS TO THE NATURE OF THE SOLAR 
SPOTS FOUNDED UPON TELESCOPIC ÖBSERVATION. 


Almost immediately upon the discovery of the solar spots 
hypotheses were formed as to their nature. Galileo regarded 
them simply as solar clouds ; Cassini supposed them to be 
solar mountains exposed to view by the occasional sinking 
of the sea of light. Schülen, pastor of Essingen, near Aalen 
in Würtemberg, was the first to give expression to the 
opinion that the solar spots were depressions. “ Three large 
spots,” he writes in 1770, “ which I saw for the first time on 
the 26th of March (1770), on the eastern side of the sun 
a little way from the centre, presented to my view a very 
remarkable phenomenon. I could plainly distinguish that 
they were not bodies upon the surface of the sun, floating 
as dark substances on it, but were cavıtıes, the openings 
to which were darker than the rest of the sun, and were 
somewhat conical in form, leading to a black abyss which 
showed itself in the middle. In short, depressions and 
cavities in the solar surface were presented to my view in 
the clearest manner. The central spot of the three seemed to 
give most strongly the impression of a cavity. In this spot 
the hollow was, as in the case of the others, directed towards 
the centre of the sun, but somewhat obliquely, so that the 
opening—or expanding entrance—was directed towards the 
eastern side, and the inner black abyss was partially hidden 
in consequence of the spot being situated towards the eastern 
limb. On looking for the spot on the 29th of March, in 
order to see the western side, the whole of the black nucleus 
was exposed, as well as the part of the opening which 
had not been visible while the spot was eastward. This 
observation appeared to me important, as on both occasions 
the cavity had the aspect it should have had in perspective 
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from its oblique direction eastward. From more than a 
hundred observations I have been convinced that the spots 
are in reality cavities, and I therefore have not the slightest 
remaining doubt on the subject.” 

Similar observations were made by Alexander Wilson in 
1774, as well as by the elder Herschel, by whom the solar 
spots were regarded as funnel-shaped depressions. Were 
a spot to form upon the surface of the sun, on the eastern 
limb, the preceding or western part of the penumbra would 
first come into view, owing to the sun’s rotation from east 
to west; then the western portion of the nucleus would 
become visible, and gradually increase from west to east, 
till the eastern portion of the penumbra, the furthest from 
the line of sight, would be revealed. In the same way, on 
disappearing round the western limb of the sun, the pre- 
ceding or western part of the penumbra would first cease 
to be visible, the western penumbra would then gradually 
decrease, after which the nucleus would diminish in the 
direction of west to east, and finally the following or western 
part of the penumbra would disappear from view. 

In reality, the reverse is observed. On the appearance 
of a spot at the eastern limb, the eastern portion of the 
penumbra is first visible, then the nucleus in the form of 
a dark streak, which gradually widens from east to west, 
till, when the whole of the nucleus is visible, the western 
side of the penumbra comes into sight. On the disappear- 
ance of the spot at the western limb of the sun, the eastern 
portion of the penumbra, that which is turned towards the 
centre of the sun’s disc, begins to decrease, and the nucleus 
contracts into a narrow streak, while the western side of 
the penumbra is scarcely affected. Not till the nucleus is 
lost to sight does the western penumbra, begin to diminish, 
and finally disappear. 

Opinions are still divided as to whether the spots are 
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cavities or not.* Professor Spörer, one of the most industrious 
observers of the solar spots, has been confirmed in the 
opinion held by Kirchhoff that the spots are cloud-like 
condensations in the solar atmosphere formed by the radiation 
of heat, in the same way as vapour in the earth’s atmosphere 
is formed into mist and cloud. When such clouds arise 
above the glowing and luminous surface of the sun they 
intercept the light, and it naturally follows that as these 
clouds are irregularly formed, they should also be irregularly 
condensed or dispersed according as they come in contact 
with a warmer or cooler stream of gas. 

Those physicists who with Faye regard the sun as a non- 
luminous gaseous ball look upon the spots as rents, open- 
ings, or depressions in the dhofosphere or luminous envelope 
surrounding the dark gaseous body of the sun through which 
the dark body of the sun is allowed to appear. 

Spörer has detected in the spots solid products of com- 
bustion which are explained by Zöllner to be masses of 
scorie, formed on the glowing surface of the sun by an 
excess of radiation, and dispersed again by the returning 
equilibrium of the solar atmosphere. “When these dis- 
turbances,” he remarks, “instead of being local, become 
almost universal, the conditions are unfavourable to the 
formation of spots, since there is wanting the chief condition 
or producing a great fall of temperature through radiation, 
namely, a clear and tranquil state of the atmosphere. It is 
not until the air, by the dissolution of the spot, has gradually 
regained its tranquillity that the process recommences, and 
thus assumes a periodic character. Each spot by its very 
existence creates a district in which the temperature is 


considerably lower than in a locality free from spots. The 


* [At Kew and Greenwich photographs have been obtained when 
a spot was just at the llmb. Oneortwo photographs show notches 
cut out ofthe limb due to the depression of the spot. ] 
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amount of this fall in temperature is unknown, and must 
vary greatly in each instance, but must always be very 
considerable. This disturbance in the solar atmosphere 
would produce upward and downward currents. According 
to Zöllner, this motion is upward around the edge of the 
spot, and its effect is to carry with it the hotter parts of 
the atmosphere, which, rising above the ordinary level of 
the sun’s surface, form the /acule. The descending current, 
upon reaching the upper surface of the spots, suffers a fall 
of temperature as the result of the change in radiation, and, 
as a necessary consequence, the liberated vapour condenses 
into clouds. These clouds surround at a certain height the 
scorisee-like mass forming the spot, and appear, from the 
distance at which they are viewed, as penumbra or half- 
shadow. With a sufficiently high power this penumbra is 
seen to consist of stratifications radiating towards the centre, 
and as the spot in some instances is considerably below 
the upper edge of the penumbra, it is easy to understand 
that when carried by rotation towards the sun’s limb an 
optical displacement should be produced.” 

In opposition to the views of Spörer and Zöllner, Secchi 
puts forth the theory that the solar spots are the result of 
stormy movements and powerful convulsions in the interior 
of the sun, in consequence of which its luminous surface is 
broken through by holes, more or less irregular in form, into 
which the surrounding photosphere pours. T’he darkness 
of the nucleus is explained by the supposition that the 
luminous photosphere in rushing into the hot cavity passes 
from the nebulous into the gaseous condition, and thereby 
loses its luminosity and becomes invisible, and thus the nucleus 
remains dark, notwithstanding the continuous stream of 
luminous matter. The depth of the cavity occasions the 
formation of a thick stratum of gaseous metal at a high 
temperature, by which much of the light emitted from the 
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lower stratum is absorbed, and consequently the nucleus 


appears relatively dark. 


71. SPECTROSCOPIC INVESTIGATIONS OF THE SOLAR SPOTS. 


We have just seen that the telescopic observation of the 
solar spots has not yielded indubitable evidence as to their 
nature. But spectroscopic investigation has come to our aid 
at this point, and has afforded valuable results through the 
labours of Huggins, Lockyer, Young, and Secchi. For the 
minute spectroscopic investigation of a spot it is not sufficient 
to apply the spectroscope in the usual manner upon the 
sun's image in the focus of the telescope, but it is necessary 
that the image of the spot itself be thrown upon the slit 
of the spectroscope. To this end a magnified image of 
the sun must be formed either by the object-glass of the 
telescope, or, according to the practice of Secchi, by the 
object-glass of a microscope. By this arrangement a spec- 
trim is obtained which is traversed longitudinally by a 
dark band, the spectrum of the nucleus; on either side 
lies the spectrum of the penumbra, which is somewhat less 
dark, the breadth of the band depending upon the diameter 
of the spot. In the spectrum of the spot remarkable changes 
occur, especially between C and D, where many dark lines 
increase in breadth and intensity, as shown in the double 
D-line in Fig. 159. 

The spectroscopic investigations of the solar spots, 
although they have been prosecuted with great industry, 
have not yet led to any conclusive results. 

Secchi remarks that in the neighbourhood of the spots, 
and especially over the surrounding faculae, the hydrogen 
lines are always fainter than over the rest of the sun’s 
surface ; sometimes they entirely disappear, and are even 
reversed. This occurs most frequently in the C-line ; the 
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F-line more seldom disappears on account of an adjoining 
line belonging to iron, which remains unaffected when the 
hydrogen lines become luminous. Lockyer, on the contrary, 
naintains that under certain circumstances the F-line dis- 
appears as completely as the C-line, and is even occasionally 
reversed. 

When the nucleus is spanned by a bridge or covered by 
a veil of red clouds the C-line is much diminished in 
intensity or becomes bright, indicating the presence of fiery 
streams of hydrogen. 


In the interior of the spot considerable changes occur in 


Fıc. 159. 


Spectrum of the 


Varel N RTeE 


Surface of the Sun. 





The D-lines in the Spectrum :ol-a Solar Spot. 


the spectrum; the ordinary appearance of the dark lines, 
and their relative intensity, is completely altered. Some of 
the least visible lines become black, and of considerable 
breadth ; others appear diffused at the edges, while some 
remain wholly unchanged. Fig. 160, taken from Secchi's 
observations of the Iıth and ı3th of April, 1869, includes 
most of these phenomena. The dark stripe, No. 2, is the 
spectrum of the nucleus, in which numerous lines are much 
increased in width, and additional.-dark lines and bands 
appear, one between B and C, two between C and D, and 


two between E and F, besides three pairs of lines in the 





green between Öb and 
E 
being almost reversed. 


Stripe Noms the 


remarkable from 


, 


spectrum ofthe bridge, 
in which the bright 
lines of hydrogen pro- 
ject into the spec- 
trum of the nucleus. 
Stripe No. 3 is that 


of the penumbra, in 


which, on account of 


partial reversion, the 
dark lines of hydro- 
gen are wanting. 
Changes in the solar 
spectrum of so extra- 
ordinary a nature 
cannot be explained 
merely by a general 
diminution of the 
light; the expansion 
of certain lines points 
to the conclusion that 
the vapours of certain 
metals present in the 
interior of the spot 
exert a powerful selec- 
tive absorptive action, 
thus increasing the 
normal absorption. 
Secchi remarks further 
that several lines be- 
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vapours become much expanded. The D-lines especially 
increase in .breadth, and as they assume a nebulous appear- 
ance lose their sharp edges, as shown in Fig. 161. 

When the slit of the spectroscope is directed from the 
penumbra on to the nucleus, the metallic lines increase suc- 
cessively in breadth. When the slit includes both penumbra 
and nucleus, the lines are broadest over the nucleus, they 
become narrower over the penumbra, and vanish in a point. 
From this it may be deduced that the absorptive stratum, 
causing the expansion of the lines, increases either in 


depth or density as it approaches the centre of the nucleus, 


Fıc. 161. 






























































Widening of the D-lines in the Spectrum of a Solar Spot. 


Besides these characteristic changes exhibited in the lines, 
Secchi has remarked relative changes in the brightness of the 
various parts of the spectrum, especially in the red, yellow, 
and green. Dark bands are formed, for instance, between 
Band C, and in the neighbourhood of D. Another remarkable 
phenomenon is the occasional reversal of the two sodium 
lines, D, and D,, in the speetrum of the nucleus; a similar 
observation was made by Young on the 22nd of September, 
1870, a drawing of which is given in Fig. 162. Other lines 
are frequently reversed, namely, the lines C, F, D, Hy 
(2796 K.), ba, di, ba, 64; 1474 K., etc. Secchi explains the 
phenomenon by the presence of intensely bright prominences, 
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the bright lines of which overpower the dark lines of the 
spot, and cause them to be reversed. 

Lockyer, while observing a spot on the 20th of February, 
‚1869, noticed that the magnesium as well as the barium 
lines were increased in breadth, and he concurs with Secchi 
in the opinion that this widening of the Fraunhofer lines 
in the spectrum of a spot arises from the absorptive 
influence of the substances forming the spot, and that the 
spots are deep recesses in the surface of the solar body, filled 
with concentrated masses of the vapours of iron, calcium, 
barium, magnesium, sodium, and hydrogen, the spectrum 
lines of which increase in breadth 


rc. 102. 


and intensity, and over which 
Jloats the lighter hydrogen gas. 

Professor; C. A, Youns, of 
Princeton, New Jersey (America), 
found, when observing a large 








group of spots on the 9th of 
April, 1870, that the hydrogen 


lines C and F were reversed in Reversal of the D-lines after 
Young. 

















the nucleus,—appearing bright. 

C was very bright, F much fainter ; the remaining hydrogen 
lines, Hy (2796 Kirchhoff) and Hö or h (3365°5 K.), were 
not reversed, but appeared as somewhat finer lines. He 
remarked also that many dark lines had become wider and 
darker, while others remained unchanged, among which were 
a, B, E, 1472 (K.), the lines d, 1691 (K.), and G. The two 
sodium lines D, and D,, as well as 850 (iron), were evidently 
widened, but not to any considerable extent. 

The lines most affected by the increased absorption in the 
substance of the spot were as follows : 864 (Ca.), 877 (Fe. ?), 
885 (Ca.), 895 (Ca.), 1580 (Ti.), 1589 (Ti.), 1627 (Ca.), and 
1629 (Ti.). The lines of titanium identified by Angströms 
map were very prominent, and this was the more remarkable 

20 
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as they are not visible in the ordinary solar spectrum ; the 
same observation was made with regard to the calcium 
lines. 

In October, 1877, a spot was observed at Greenwich in 
which the changes in the lines of the spectrum were very 
remarkable. A table of them is given below :—- 














Somewhat darker, and broader by about one-tenth. 

Much fainter and less distinct. F-line reversed in 
the neighbourhood of the spot, due north of the 
centre on November sth. 


Number 
Element. of Lines Character of Change. 
Observed. 
Calcium 12 Very much darker and about doubled in breadth. 
Sodium 2 Very much darker. The two D-lines almost meet 
over the nucleus. 
Titanium II Very much darker and about doubled in breadth. 
Iron 30 Slightly broader, by about one-tenth, and decidedly 
darker, perhaps by one-half. 
Barium 4 About twice as dark and twice as broad. 
Magnesium 4 Much broader and darker. 
Nickel 6 Broader by one-half, slightly darker. 
Chromium B 
3 


Hydrogen 





Coronal line I Much fainter over the spot. 
5 Not seen either bright or dark, in spot or bridge. 
Telluric bands I Band a broader and darker. 





Besides the increase in breadth of the lines, displacements 
to the red or blue were noted, especially in the F and D- 
lines. On the 3ıst of October the F-line was twisted ; the 
portion over the following half of the spot being displaced 
to the red, and the other half towards the blue. On the 
darkest part of the spot the D-lines were expanded towards 
the red as much as half the space between D, and D,, while 
on the other side they were sharply defined, and not per- 
ceptibly displaced. Owing to cloudy weather, the spot was 
not seen before the 30th of October, when it was already 
well advanced upon the disc. Photographs were taken on 
30th and 315st of October, and on Ist, 2nd, 3rd, 4th, and 5th 
of November, during which period it experienced but slight 
change. It was noticed that a group of small spots, closely 
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following it, became on the 5th of November united into 


one, and left behind them a group 
of faculee which were seen close to 
the edge of the sun on the Sth of 
November. 

It is 
spectrum of a spot lines occasion- 


remarkable that in the 
ally appear which are not visible 
in the solar spectrum. 

The Astronomer Royal, in a com- 
munication to the 


Society, writes regarding the spec- 


Astronomical 


trum of a sun-spot observed at the 


Royal Observatory, Greenwich, 
27th and 30th November, 1880 :— 
“ Amongst the spectra of sun-spots 
which have been examined at Green- 
wich, that of the fine spot which was 
first seen near the east limb on the 
25th of November appears to be 
quite unique. When examined on 
the 27th of November, the most 
striking feature in the spectrum 
was a number of strong dark lines 
between 5 and F, to which there 
appeared to be nothing correspond- 
ing in the ordinary spectrum of 
the photosphere. Under favour- 
able circumstances, however, faint 
lines were detected in the solar 
spectrum corresponding to all, or 
nearly all, of these dark lines in 
the spot, but none of these are 


represented either in Kirchhoff’s or 









Il 


8 F£ 
| ANNER 
LUD II 
| | IN 
| | | || 
E Fam © 


I [0] 


U in 
| 


163. Spectrum of a Sun-spot. 








N 
m =) 
_—_ 
fee 
ne EN 
VE N 
BER EN 
0 —- 
r ENGER 
I 
ET 
= rer 


Fic. 


© 
Angström’s maps, and 


310 SPECTRUM ANALYSIS. 


they do not appear to correspond to any known element. 
The dark lines in the spot were fully as broad as b, or b,, 
being about one-tenth metre in breadth, and somewhat fuzzy, 
at the edges. 

“The following are their wave-lengths, as derived from 
careful comparison with the lines in Ängström’s map :— 


5162°3 5118'2 5088°8 
51597 51165 5086"9 
5155'9 5111°0 50849 
5148'9 5095'2 5062°7 
51353 5093°4 5061'1 
5134'0 5091'2 


“The lines at 5129°4, 5I112'I, and 5142'2 were much 
broadened in the spot; D and F were about one-third as 
broad again, and upwards of 300 lines between D and F 
were noted as being more or less affected. 

“On the 30th of November the above-mentioned bands 
were not so marked, but the C and F-lines were much 
broader (about doubled in breadth), and many lines between 
B and 5 were very much darkened and broadened. The 
b lines were hardly affected. : 

‘“ The observations were made by Mr. Christie and Mr. 
Maunder with the half-prism spectroscope, mounted on the 
great equatorial. A train of two prisms, giving a dispersion 
of about 80° from A to H, was used, with a magnifying 
power of IO on the viewing telescope. 

“On the ıst of October, 1880, a strong dark line at W.L. 
5146'3, not corresponding to any line in Ängström’s map, 
was seen in the spectrum of two sun-spots. This dark line, 
though resembling in character those mentioned above, does 
not correspond in position with any of them. 

“The figure (163) represents a portion of Angström’s map 
of the solar spectrum near d, with the spectrum of the sun-spot 
below, showing the dark bands. In the case of the other 
lines the length represents the amount by which the line is 
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broadened—full length corresponding to a line which is 
doubled in breadth ; half length, to one of which the breadth 
is increased by one half; and so on.” 

It has been suggested by Vogel that this, as well as the 
one-sided expansion of some of the lines, may possibly 
indicate that over the spots the temperature is so far reduced 
as to allow chemical combinations to take place in the 
elements passing over them. A similar idea has been ex- 
pressed by Young in allusion to Schuster’s observation, that 
lines expanded on one side only are characteristic of the 
spectra of compound substances. With the exception of 
being brighter, the spectra of faculee do not differ materially 
from that of the solar surface. In some facule, however, 
the F-line is somewhat expanded towards the violet. 

The results of the spectrum observations* hitherto made, 
important and valuable as they are, remain as yet too 
isolated and unconnected with telescopic observation to yield 
material for explaining the nature of the spots and facul. 
It has, however, been established, that the increase in the 
width and intensity of the Fraunhofer lines, as well as the 
appearance of new dark bands in the spectrum of the nucleus, 
are produced by the increased absorptive power of the substances 
of which the spot is formed. 

When the white light of the sun’s nucleus after passing 
through the absorptive stratum further encounters the 
component substances of a spot, it undergoes a yet further 

* [That the subject of the sun-spot spectra is not exhausted is 
shown by several important papers which have been communicated 
to the Royal Society and the Astronomical Society by Mr. Lockyer 
and Mr. Christie within the last three years. The former observer 
found whilst studying the spectrum of iron in solar spots that some 
of the iron lines are expanded and twisted in one direction, whilst 
others are so in the other direction. As will be seen further on, 
this indicates motion in opposite directions. The reason of these 


opposite motions of the same metallic spectrum requires careful 
consideration. ] 
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absorption. As the lines of calcium and iron are considerably 
affected in the spectrum of a spot, the sodium lines in a 
smaller degree, and to some extent those of magnesium, 
titanium, and barium,* it may be concluded that the solar 
spots are composed pre-eminently of these vapours, which 
doubtless occur in layers of varying thickness, and in very 
different proportions. 

That hydrogen gas constitutes an important element in the 
formation of the spots is shown by the spectrum. The 
hydrogen lines are most affected in the parts that lie close 
to the nucleus, in the bridge when one is formed, and in the 
penumbra. In the spectrum of the bridge (Fig. 160, No. 1) 
the three characteristic lines Ha, Hß, Hy, are very bright, in 
the spectrum of the penumbra (No. 3) they are often entirely 
wanting, while in the spectrum of the surface of the sun and 
of the nucleus (No. 2) they appear as the well-known dark 
Fraunhofer lines C, F, and the one near to G. 

An explanation of this phenomenon is offered by the 
supposition that hydrogen gas breaks forth from time to time 
from the interior of the incandescent solar nucleus. Owing 
to its extreme lightness, this gas would rise in enormous 
pillars of flame (prominences) over the absorptive vaporous 
stratum of the photosphere, and, in consequence of the 
cooling ensuing from expansion, would enter into a variety 
of chemical combinations, especially with oxygen; the un- 
combined part would then flow to the side, while that in 
combination with oxygen (steam) and the other solar sub- 
stances would form gaseous or vaporous masses, which, from 
their nature as well as from their continued cooling, would 
be heavier than the hydrogen gas, and would sink below it. 


* [The spectra of spots vary considerably, as Lockyer has shown, 
and at present the constituents which are more generally found in 
them must be considered szd Judice. There seems to be a varia- 
tion at the time of maximum and minimum sun-spot periods. ] 
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The stream of gas on rising would carry with it a quantity 
of the substances existing in the sun’s nucleus and the 
surrounding absorptive stratum—the photosphere. If these 
incandescent substances were present in sufficient quantities, 
their characteristic lines would be seen as bright lines in 
the spectrum of the hydrogen flames. During total eclipses 
such lines have been remarked in the prominences, and are 
now daily observed upon the sun’s disc. 

When the force of the gas eruption has somewhat subsided, 
and the chemical combinations ensue, producing vaporous 
precipitations, the formation of the spot begins. The denser 
portions sink and form the nucleus of a spot, while the 
parts less dense constitute the denumbra. The vaporous 
nucleus, though apparently black, transmits a considerable 
amount of sunlight ; indeed, it has been conjectured that the 
black nucleus of a spot emits four thousand times as much 
light as an equal area of the full moon. This supposition 
is confirmed by spectrum analysis, for the blackest nucleus 
yields a spectrum exhibiting all the details of full sunlight. 

Where the spot is broken through by the overflowing 
masses of the photosphere, a bridge is formed which extends 
as a bright band across the whole of the penumbra. The 
luminous hydrogen in passing towards the edges of the 
spot rises above the absorptive stratum of which the bridge 
is composed, and causes the dark Fraunhofer lines C, F, 
and one near G, to appear bright ; these lines, therefore, in 
the spectrum of the bridge (Fig. 160, No. ı)are reversed. In 
the nucleus the hydrogen is too small in quantity and too low 
in temperature for its lines Ha, Hß, Hy to overpower the 
dark Fraunhofer lines C, F, and the one near G, or even 
to weaken them perceptibly ; in the penumbra, on the other 
hand, the hydrogen is in sufficient quantity, and of a suf- 
ficiently high temperature, to cause its three bright lines to 
equal in intensity the neighbouring parts of the spectrum, 
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and thus to be invisible. In the spectrum of the bridge (1) 
these lines are generally bright, in that of the nucleus (2) 
they remain dark, while they are frequently absent in the 
spectrum of the penumbra. 

The remarkable changes occurring in the lines of hydro- 
gen, magnesium, sodium, calcium, and iron in the spectrum 
of the nucleus, seem to show that the new combinations are 
disposed in layers according to their specific gravity. Thus 
hydrogen gas occupies the highest stratum ; aqueous vapour, 
magnesium, and sodium occur in thinner layers below; while 
the lowest and densest stratum is composed of the heavier 
vapours of calcium, titanium, and iron. 

The formation of a spot will accordingly immediately 
follow an eruption of hydrogen ; the spot itself is a cloudy, 
luminous mass, probably of a semi-fluid consistency, com- 
posed of many constituents which sink a certain depth into 
the photosphere, partially intercepting its light, and pre- 
senting the appearance of a dark mass projected upon the 
solar disc, in the same way as the intense oxyhydrogen 
lime-light appears black when seen against the sun. 

The enormous dimensions of these dense masses of vapour 
account for the length of time the spots continue visible, not 
unfrequently during several rotations of the sun. Their dis- 
appearance is to be explained partly by the substance of the 
photosphere flowing into the cavity of the spot, and partly by 
the complete subsidence of the vapours into the nucleus of the 
sun, where, in consequence of the enormous heat, the com- 
pound substances which may exist in them are broken up 
into their original elements. 

These conjectures are not offered as a complete explana- 
tion of the phenomena of a solar spot, but to throw light 
upon the results obtained by spectrum observations, and to 
bring them into harmony with the phenomena observed 
during total solar eclipses. 
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72. ToTaL SOLAR EcLiPpsEs. 


The chief obstacle to an increased knowledge of the nature 
ofthe sun is the blinding light of the photosphere, which 
overpowers the wonderful phenomena unceasingly occurring 
upon the solar surface. During the brief obscuration of the 
sun’s disc at the time of a total solar eclipse, when the dark 
body of the moon covers—but scarcely more than covers— 
the entire surface of the sun, the brilliant phenomena taking 
place in the solar atmosphere become visible around the 
sun’s limb. 

The aspect presented to the unassisted eye by a total solar 
eclipse is shown in Fig. 164, representing the eclipse of the 
zth of August, 1869, as seen by Dr. Gould at Des Moines, 
in North America. 

The sharply-defined black edge of the moon appears 
surrounded by a narrow but very brilliant ring of light of 
silver whiteness, called the corona. From the corona faint 
rays of light, irregular in length and breadth, stream out, 
surrounding the moon’s disc like a glory, whence this crown 
of rays* is usually designated the glory or halo. The dark 
projections partly covering the corona are the Prominences, 
which are cloud-like masses of a rose or pale coral colour, 
disposed either singly or in groups at various places on the 
sun’s limb. They pierce the corona in the most wonderful 
forms, sometimes as single out-growths of enormous height, 
sometimes as low projections spreading far along the moon'’s 
limb. The prominences are generally first seen on the 
eastern (left) side of the sun, where at the commencement 
öf totality the moon barely covers the sun’s edge, and the 
space immediately beyond is still uncovered ; as the moon 


* [It is more usual to designate the whole of these extra solar 
appendages as the corona. Recent evidence confirms the opinion 
that there is an inner as well as an outer corona.] 
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advances to the east (E), the space immediately surrounding 

the western limb (W) of the sun becomes exposed, and the 

prominences on that side begin to reveal themselves. 
These remarkable phenomena are accumulations of the 


luminous gaseous material by which the solar body is sur- 


Fıc. 164. 





Total Solar Eclipse of 7th August, 1869. 


rounded;; it cannot, therefore, be surprising that their forms 


have been seen to change even during the short duration 


of totality. The enormous height to which these pillars of 


gas extend beyond the limb of the sun in some instances 


exceeds 90,000 miles. 
A total solar eclipse of several minutes’ duration is of rare 





ORAL SOBAR EELIPSES. an 


occurrence, and the eclipse of the 18th of August, 1800 
which offered a totality of from five to six minutes, excited 
universal attention. The zone of total darkness extended, ın 
a breadth of more than a hundred miles, from Aden to 
Torres Straits, passing over the southern parts of Asia. 


National preparations were entered into for its adequate 





E Total Solar Eclipse of 18th August, 1868 (Aden). 


observation, and numerous expeditions sent out to selected 
stations by the governments of England, Germany, Austria, 
etc. Fig. 165 represents the first phase of totality, as photo- 
graphed at Aden by Dr. Vogel. The great prominence on 
the eastern limb of the sun had an elevation of about one- 


fourteenth of the sun's diameter, or about 60,000 miles. 
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Plate Il. contains copies of two out of the six photographs 
taken by Colonel Tennant at Guntoor. By superposing 
copies of these six 'photographs, Mr. De La Rue has con- 
structed the map of the phenomena given in Fig. 166. 
The shaded disc I, I represents the sun; II, II denotes the 
moon’s disc at the moment of second contact 2 (first inner 


Fıc. 166. 







































































































































































Tennant’s Photographic Pictures collected into one Drawing. 


contact), when the totality began, and the large prominence 
A appeared on the sun’s eastern limb;; III, III is the moon’s 
disc at the third contact 3 (second inner contäct).. The 
drawing also gives the position of the sun’s axis, the 
direction in which the moon’s centre was travelling from 
west to east, and indicates, by the dotted lines over the 
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prominences, a peculiar faint glimmering light, which ap- 
peared on the eastern side, and was invisible in the tele- 
Scope, on account of the brilliancey of the corona and 
prominences. Ihe spots drawn on the sun’s disc are 
those which were photographed at the Kew observatory 
on the day of the eclipse. 

The corona and halo, though absent in the photographs, 
were noticed by many observers, and varied much in 
appearance. The observa- Fıc. 167. 
tions agreed in this—that 
all light was not extin- 
guished during totality, 
but that, immediately after 
the sun’s disappearance 
(contact 2), the intensely 
black disc of the moon 


appeared surrounded by 





a very white and brilliant 
narrow ring of light. This Photographic Picture of the 
seemed to prove that the ar. 1 
lower part of the corona belonged to the sun, and that 
this solar appendage ıs highlv lumimous, the intensity rapıdlv 
diminishing at a little distance from the edge. 

The colour of the prominences was described in very 
different terms by the various observers;; it was designated 
by most of them as pale red, by some as scarlet, by others 
as rose-red or pale coral red, and by Tennant as white. 

The eclipse of the 7th August, 1869, invisible in Europe, 
was well observed in North America. Plate III. gives the 
aspect of the prominences as photographed at Burlington. 
The corona, especially, was the object of attention with 
many observers. At Shelbyville (Kentucky) it was suc- 
cessfully photographed by Mr. Whipple, of Boston, the 


prepared plate being placed in the focus of the object- 
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glass of a telescope of 54 inches aperture, and exposed 
forty seconds. A representation of this photograph is given 
in Fig. 167. 
Ihe corona appeared to consist of two principal portions 
-the inner one, next to the sun, was nearly annular, reach- 
ing an elevation of about 1‘, and in colour of a pure silvery 


FıG. 168. 





The Corona ot the Eclipse ot 7th August, 1869, at Des Moines, 


whiteness ; the outer portion consisted of rays, some of 
which grouped themselves into five star-like points, while 
the others assumed the appearance of radiations, and were 
the most sharply defined. The star-like rays attained a 
height equal to half the diameter of the sun. 


Another picture of the same eclipse is given in Fig. 168 
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from a photograph by Professor Eastman, at Des Moines. 
It was taken at the commencement of the totality, when 
the corona made its appearance asa light of silvery white- 
ness, with an exceedingly tender flush of a greenish-violet 
hue at the extreme edges, and not the slightest change was 
perceptible during totality in the colour, the outline, or the 
position of the rays—an observation confirmed by several 
observers. 

Plate IV. exhibits the corona in its natural colours from 
photographs by various observers. No. I by Padre Secchi 
at Desierto (Spain) during the eclipse of 18th July, 1860 ; 
No 2 by Mr. Whipple at Shelbyville during that of 7zth 
August, 1869; and Nos. 3 and 4 by Mr. Willard at Cadız, 
and by Mr. Brothers at Syracuse, during the eclipse of 22nd 
December, 1870. The exposure varied, as will be seen, from 
eight seconds to ninety seconds. 


73. PHOTOGRAPHIC PICTURES OF TOTAL SOLAR ECLIPSES. 


[In the preceding section there have been many allusions 
to the photographic pictures of eclipses. Photography was 
first employed at the great solar eclipse of the 28th of July, 
1851, and has since been applied to almost every succeeding 
eclipse that has been observed. Dr. Busch used a telescope 
of 2 feet 6 inches focal length, and an aperture of 2'4 inches 
for the purpose, and the sensitive surface was a daguerreo- 
type plate. In 1860 Padre Secchi obtained photographs by 
the wet collodion process in a telescope of about Io feet 
focal length, and at the same eclipse Warren de la Rue used 
the new photoheliograph for the same purpose. As this 
class of instrument is in use at the principal observatories 
for taking sun pictures, we give a short description and 
engraving of the latest pattern as taken by Abney’s “ Text 
Book of Photography ”* (Fig. 169). 


* [Longmans. ] 
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At aisalens of about 4 feet focus, having a cell on which 
Fıc. 169. is cut a very fine 





screw, so fineand 
u indeed, 





that the lens can 
be caused to ad- 
vance or recede 
from B by the -, 
part ofaninch by 
turning the cell 
througha portion 
ofaturn. About 
JF is the principal 
focus of the lens, 
at which point 
are placed cross 
wires or a ruled 
grating, the focus 
of which can 
be accurately ob- 
tained by a slow- 
motion screw, 
turned by the 
handle H. This 


moves an inner 





















































tube in which the 
diaphragm hold- 























ing the wires is 





inserted. Imme- 
diately in front of 
E =2 /, and running in 

Dallmeyer’s Photoheliograph. a pair of.grooves, 
is the exposing screen, in which there is an adjustable 
opening or slit. At g is a spiral spring which tends to 
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keep the slit below the point where the image is formed, 
whilst at e is a little pulley, over which runs a thread 
attached to the top of the exposing diaphragm, and ter- 
minating by a loop. The preliminaries to exposure are to 
draw the diaphragm up to e by the thread, and then to place 
the loop over a pin (not shown in the figure) ; this brings 
the slit above the place where the image is formed. The 
exposure is given by cutting the thread ; the spring g pulls 
the diaphragm towards it, and the slit traverses the image. 
The duration of exposure can be regulated between } and 
‚s part of a second, a margin sufficiently wide to suit 
the sun as seen through almost any condition of the 
atmosphere. 

Below fis placed a magnifying lens which takes the form 
known as ‘the rapid rectilinear.” Its function is the same 
as that of an eye-piece in a telescope, and by altering the 
distance between its optical centre and the focus of the 
object-glass, any size of image can be produced. In the 
instrument under consideration, the diameter of the sun’s 
image has been fixed approximately at 4 inches, and con- 
sequently the adjustments of the secondary lens are made 
so that there cannot be much variation from those dimen- 
sions. B is the holder in which the slide carrying the 
sensitive plate is placed. Some of the means of adjustment 
have already been pointed out; a further one is that of the 
secondary magnifier, which by a slow-motion screw can be 
caused to recede or advance along the axis of the telescope. 
It will be seen that every means of securing a sharp image 
of the sun, together with that of the cross-wires, or ruled 
gratings, is to be found in the instrument. The telescope 
is mounted equatorially, D being the polar axis, C and E 
the declination and right ascension circles, and F the clock 
movement. By means of G a motion can be given to the 
tube in right ascension, and by a corresponding handle 

21 
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attached to the tube (and not shown in the figure) a motion 
in declination. The greatest danger to the accuracy of this 
instrument is distortion, through the multiplication of lenses, 
and the risk that exists of these not being properly centred. 
When attention has been paid to this, as it has been by 
the eminent optician who has constructed them, they leave 
little to be desired. 

The photographs taken with this instrument, during an 
exposure of 60 seconds, show but little signs of the corona, 
and it was not till the eclipse of May 1883 that a similar 
instrument was employed. In the expedition the English 
observers, who went to the Caroline Islands under the 
auspices of the Royal Society, and under the direction of a 
committee of the same society, were more successful, obtain- 
ing images of the inner corona. This success was due to 
using the more sensitive gelatine process, which is now 
extant. In the eclipses of 1868, 1869, 1870, 1871, 1875, 
1878, 1882, and 1883, photographs were taken which have 
all added to our knowledge of the corona, but it was only 
in the last four years that photography has been at all able 
to compete with eye observations in depicting the extent 
of the corona. The reason for this is that with the older 
photographic processes the light emitted is so feeble at the 
distance of a solar diameter from the moon’s edge that the 
length of exposure that can be given was not sufficient to 
impress the sensitive plate. Within the last four or five 
years the new gelatine process has been brought to such a 
state of perfection, that the plates are, in reality, fifty or a 
hundred times more sensitive than the collodion process. 
Thus an exposure of one second with a gelatine plate is 
equivalent to an exposure of a minute with the wet collodion 
process. Hence for the production of photographic pictures 
this latest improvement in photography has practically con- 
verted a solar eclipse from seconds to minutes. The eclipse 
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of May 1882, which was observed in Egypt by parties of 
almost every nation, only lasted about seventy seconds, and 
yet in that brief space of time the English observers, who 
alone employed photography, were enabled to secure three 
excellent photographs of the corona, the photographic 
impressions being apparently coterminous with the visual 
impression of the observers. 

These pictures were obtained with an ordinary lens by 
Dallmeyer, of about 54 feet focal length, and 4 inches 
aperture; and it seems to be the opinion of most solar 
physicists that this form of lens is better than using the 
objective of a telescope, as it is specially constructed for 
photographic purposes, which an ordinary telescope’s objec- 
tive is not. 

„ In the eclipse of May 1883 the same instrument was 
used as in 1882, and in addition, as already has been said, 
the photoheliograph, which also gave fair results, but did 
not show the same coronal extension which the smaller-sized 
lunar image gave. | 


74. [HE PROMINENCES AND THEIR SPECTRA. 


In the total eclipse of the ı$th of August, 1868, the spec- 
trum of the prominences was observed by Herschel at 
Jamkandi, by Haig at Beejapoor, by Tennant and Janssen 
at Guntoor, by Rayet and Hall at Wha Tonne, and was 
found by these observers to consist of a few bright lines, 
from which they concluded that these forms are composed of 
/uminous gases of which hydrogen is the chief constituent. 
The spectrum of this gas is characterised, as is well known, 
by three bright lines (Plate XIV., No. 6), red, coincident 
with the Fraunhofer line C ; greenish-blue, coincident with 
the F-line; and dark-blue, in the vicinity of the line G 
(vide Fig. 170, No. 2). 
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Fig. I7O contaıns, in addition to the two comparison 


spectra No. I (the prineipal lines of the solar spectrum ) 
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Various Spectra of the Prominences. 


and No. 2 (the principal lines of hydrogen), the spectra 
of the prominences Nos. 3, 4, 5, and 6, as observed by 


Rayet, Herschel, Tennant, and Lockyer. 
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Rayet, who kept his direct-vision spectroscope pointed 
exclusively to the great prominence, and employed the in- 
strument in all positions, perceived nine bright lines, con- 
sisting of those corresponding to the dark lines B, D, E, 2, 
F, G, of a green line between 5 and F, and a blue one near 
G (No. 3). These lines appeared very bright upon the dark 
background, so that their position could be determined with 
ease. The bright lines D, E, F were seen to be prolonged 
below the rest, as finer and fainter lines, which seems to 
indicate that the glowing gas extends far into the sun’s 
atmosphere in a state of extreme rarefaction. 

Herschel (No. 4), with a spectroscope specially con- 
structed, observed in the spectrum of the prominence three 
very brilliant lines, of which the orange line coincided with 
D, while the red line was not coincident with either B or C, 
nor did the blue line coincide with F. 

Tennant (No. 5) employed a spectroscope similar to that 
used by Huggins in his investigations on the spectra of the 
nebulse and the fixed stars. The spectrum of the prominence 
appeared to consist of five bright lines, three of which were 
in exact coincidence with C, D, and 2, while the greenish- 
blue line lay very near to F, and the dark blue line near to 
G. Time did not allow of a more accurate measurement of 
these two doubtful lines, but the observations of Rayet seem 
to show that the first of them was coincident with F, and the 
other with the hydrogen line Hy, near to G. 

Janssen, in preparing for observation, placed the slit on 
the advancing limb of the moon, at a tangent to the point 
where the sun would disappear. With the extinction of 
the last rays, two new spectra started into view, each con- 
sisting of five or six bright lines (Fig. 170, No. 8); the 
lines were red, yellow, green, blue, and violet, and the two 
spectra, which were separated by a dark space, were exactly 
coincident, line for line. When Janssen left the spectroscope 


328 SPECTRUM ANALVSIS. 


to look for a moment through a small telescope, he saw that 
both spectra belonged to two magnificent prominences which 
shone out at the black edge of the moon to the right and left 
of the point where the last ray of sunlight had disappeared. 
One of these attained a height of 3’, and resembled the flame 
of a furnace as it breaks forth vehemently under the influence 


of a powerful blast ; the other presented the appearance of 


an extended chain of snow mountains, which seemed to rest 
on the moon’s limb, and glowed as if illuminated by the red 
light of the setting sun. As the brightest lines of the spec- 
trum coincided with the Fraunhofer lines C and F, Janssen 
declared at once that hydrogen gas forms an important 
element in the constitution of the prominences, and this 
discovery he announced in a telegram to Europe. 

The result of the spectrum observations of the promi- 
nences made on the ISth of August, 1868, is as follows :— 

I. The spectrum of the prominences consists of some 
bright lines of intense brillianey, among which the hydrogen 
lines Ha = C, H®=F,and Hy, near to G, are esperially 
noticeable. 

2. The prominences are masses of luminous gas, prin- 
cipally hydrogen ; they envelop the entire surface of the 
solar body, sometimes in a low stratum extending over 
large tracts of the sun’s surface, sometimes in accumulated 
masses rising at certain localities to a height of more than 
80,000 miles. 

In the eclipse of the zth of August, 1869, the spectra of 
the prominences were investigated by Professor Harkness at 
Des Moines, and. by Professor Young at Burlington. Pro- 
fessor Harkness employed an ordinary spectroscope, with a 
single prism of 60°, and furnished with a micrometer. 
Owing to the small dispersive power of the instrument, 
great accuracy in the measures could not be ensured. By 
means of the Fraunhofer lines, Harkness compared the 
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divisions of his micrometer with the millimetre numbers 
in Kirchhoff's map, and marked the bright lines seen in the 
prominences given in Fig. 168, by the following numbers of 
Kirchhoff’s scale — 


Prominence z gave approximately the lines: 
693, 1007, 1497 (Kirchhoff). 
Prominence c gave approximately the lines: 
693, 1007, 1497, ——, 2069. 
Prominence e gave approximately the lines: 
693, 1007, 1497, 1611, 2069, 2770. 
Prominence / gave approximately the lines: 
693, 1007, 1497, 2069, 2770: 





Fig. 171. 
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Young's Telespectroscope. 


If these readings, though only approximately correct, be 
compared with Kirchhoff’s numbers, it will be found that the 
bright lines observed may very probably have been as 
follows: 694=C (Ha), 1017=D, (beyond D,), 2080=F 
(Hß), 2796=Hy, as well as the line 1474 (instead of 1497), 
less refrangible than E. 

The measurements made by Young were much more 
complete: he was provided with an instrument consisting 
of five prisms of 45° each, the lateral surfaces of 24 and 
34 inches, as shown in Fig. 171; the compound spectro- 
scope P was connected with the telescope A, a comet-seeker 
of 4 inches aperture and 30 inches focus. The collimator C 
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was furnished with an adjustable slit one-eighth of an inch 
in length, through one-half of which the comparison prism 
introduced into the instrument the light of any terrestrial 
substance ; by means of the conducting wires L, the platinum 
electrodes could be plaeed in connection with an induction 
coll. Immediately in front of the slit there was placed at S 
a divided disc, in the centre of which was a circular 
opening one-eighth of an inch wide, by which the image 
of the sun could be kept exactly on the 
slit, and any portion of the solar image 
directed upon it at will. The disper- 
sive power of the five prisms amounted 
to 80° between the lines A and H, and 
the total deviation for the D-line nearly 
to 165°. The prisms were carefully ad- 
justed on to the plate P, which was 
secured to the telescope A by the bolts 
b,b, in such a manner that the central 





lines in the field of view, embracing 
from D to E, should be in the most 
advantageous position. By the micro- 





meter screw T, the telescope E, turning 
Spectrum of Pro- upon a pivot, could be directed upon 
mınences. 5 
any of the lines of the spectrum; the 
eye-piece was furnished with a micrometer, M. 

The solar spectrum appeared about an inch and three- 
quarters in width, and 45 inches in length, and showed all 
the lines contained in Kirchhoff’s map. The readings of the 
instrument had been compared with Kirchhoff’s maps by 
repeated measurements at forty-two intervals between the 
principal lines along the whole length of the spectrum from 
AtoG. 

Before the commencement of totality, the slit ss (Fig. 172) 
was placed on the limb M N of the sun, in a perpendicular 
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direction to the tangent zc, at that point where, by the 
advance of the moon on to the sun’s disc (in an inverting 
telescope at the left side), the first contact would take place. 
With such an arrangement the spectrum consists of two 
halves in juxtaposition, one of which is the intense solar 
spectrum abcd, and the other the faint spectrum aefc of 
the air rendered through dispersion extremely pale. Both 
spectra exhibit the Fraunhofer lines, as shown in Fig. 173, 


representing the portion of the spectrum between B and C. 


Eic. 173. 
































Young’s Observation of the Prominence-Spectrum. 


When the one half of the slit falls upon a prominence, , 
the drrght lines of the luminous gases in the prominence are 
seen upon the faint spectrum of the atmosphere, the hydrogen 
lines Ha (red) upon C, H£ (green) upon F, and Hy (blue) 
near G, as well as the bright lines of the other incandescent 
substances that may be present. 

Before the moon’s entrance on the sun’s disc, Young 
observed, as he directed the instrument upon the line C, 
a very bright red line, »z, upon the faint air spectrum, 
forming an exact prolongation of the dark line C of the 
solar spectrum, an evidence that at this spot the sun was 


surrounded by a stratum of luminous hydrogen, the height 
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of which, reckoned by the length of the line n, must have 
been from 5,000 to 12,500 miles. 

Now it is evident that the moon in approaching the sun 
must first pass over the stratum of hydrogen. The entrance 
of the moon upon this stratum is revealed by the shortening 
of the bright red line »z, and the disappearance of this line 
gives the exact moment of the first contact of the moon with 
the body ofthe sun. The same phenomenon may be observed, 
though less conveniently, with the F-line. 

This plan of observation had already been devised in 
theory by Faye, who had suggested it as an accurate means 
of observing the first contact with the sun’s limb of the 
moon, Venus, or any other heavenly body. Shortly before 
totality, the slit was directed on to the prominence marked d 


in Fig. 168, and the line C brought into the field of view.. 


With the commencement of totality, the red line Ha became 
exceedingly intense, but owing to the slight elevation of the 
prominence, it did not extend fully across the spectrum. No 
bright lines were perceptible either between C and A or 
between C and D. Immediately beyond the second sodium 
line (D,) appeared the orange-coloured line D, on 1017'5 of 
Kirchhoff’s scale, which was followed immediately by two 
faint yellowish-green lines, estimated at 1250 + 30 and 
1350 + 20 (Kirchhoff). The green line following at 
1474 (K.) was very bright, though fainter than C and D,; 
it reached across the spectrum, and remained unchanged 
when the slit was turned from the prominence to the corona, 
while the line D, disappeared. It was thus evident that 
this line did not belong exclusively to the spectrum of the 
prominence, but also to that of the corona. Young is of 
opinion that the two preceding faint lines remained also 
unaffected ; and he had a suspicion that they belonged also 


to the spectrum of the corona, which was observed simul- 


taneously with that of the prominence. While the slit was 


. 


a 


ie Ah A 





U9G0.IPAH u9doapAL u9goAapAf| umuıssugeW UodA] wnIpoOG U900.1 


AUaydsaumoıayn ay} Jo wnagaadg pue undpedg dEIOS y 


f 
I 
L 








(MIOJUIM ) SIeI10T BUomy 9yY} JO unapdBedg 





(JunoX) Puodon sy} Jg unADoAs R 
HM dH 4 


YH Ä 





OOLL 
OL 


0081 


Ö 


00% 


o 
oO 


00£ 





sscdırog fero] € Jump sSS9UFULMOL] SU 














Pen 


PROMINENCES AND THEIR SPECIRA. 333 


directed upon the prominence e (Fig. 168), the magnesium 
lines 5 were not visible, so that no bright lines were per- 
ceived at this part of the spectrum. The greenish-blue 
line (Hß) was truly splendid, wide at the base, and ter- 
minating above in a point; it was followed by a blue line 
at 2602 + 2 (K.) almost as bright as the green line 1474, by 
the third hydrogen line Hy, near G at 2796 (K.), and finally 
by the very distinct but much less bright hydrogen line A 
(H8) at 33701 (K.). 


The nine bright lines observed by Young in the spectrum 





of the prominences are given in their natural colours in 


5 Plate V., No. ı, and they afford an accurate representation 
of the spectrum of a prominence as it appears during the 
totality of a solar eclipse. The solar spectrum with Kirch- 
hoff’s scale is given above. During totality the solar spec- 
trum is invisible, and is replaced by a faint continuous 
spectrum without dark lines, which adjeins the spectrum of 
the prominence, and is doubtless due to the corona. 

The bright prominence-lines, observed by Young, cor- 

- respond with the following numbers of Kirchhoff’s scale :— 


r. oe 2 ,. G>Ha, 

2. 10175 . . D; (belonging neither to hydrogen nor sodium). 
5. 22503225 

4. 1350 + 5 Apparently belonging to the corona. 

5. 1474 

6. 20er F= Hß: 

7. 260242 (observed also by Capt. Herschel between F and G 

during the eclipse of the ı8th of August, 1868). 
&. ae | „. Ey: 
0. me. . A=Hß. 


[The latest determinations of lines in the prominences 
have been made by Abney and Schuster from photographs 
of the prominence and corona spectra, taken in May 1882, 


EEE 


in Egypt. Two methods were adopted: one with a slitless 


5 


_ spectroscope in which the bright ring round the moon acted as 
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a circular slit, and the other by projecting an image of the 
sun on the slit of a spectroscope. By the former method 
the following lines were determined :— 


A line low down in the infra-red, 


8240 ? 4861 (F) 4101 (A) 
6562 (C) 4471 (/) 3968 (H) 
5875 (D,) 4394 3933 (RK) 


5315 (1474, Kirchhoff) 4340 (Hy) 


And many lines in the ultra-violet. 


In the prominences which the slit of the spectroscope 
happened to cut, the following have been determined :— 


486: (F) 3888 H 3708 H 

4473 (f) 3859 & 6 3699 H 

4340 Hy 3834 H 3693 

4076 (Ca) 3816 3680 

4049 3795 H 3674 

4025 3768 H 3667 

3989 3757 3658) 

3968 H 3746 H 3653 ) 

3955 (Ca) 3730 H 3635 (Ca?).] 
3933 K 3718 H 


75. THE CoRoONA AND ITS SPECTRUM. 


In the eclipse of 1868, the observers were too much 
occupied with the spectroscopic investigation of the pro- 
minences to pay adequate attention to the examination 
of the corona. The few observations that were obtained 
agree as to the sudden disappearance of all the dark lines 
on the commencement of totality, and to the fact that the 
corona gave only a jaint, contınuous spectrum. Tennant 
admits that faint lines may have been present which he 
was unable to perceive, because, to ensure himself from 
disappointment, he had employed a rather wide opening of 
the slit. 

The eclipse of 1869 furnished many valuable data con- 
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cerning the corona, in full confirmation of the previous 
observations that the spectrum is free from dark lines. 

Pickering, Harkness, Young, and others, are agreed that, 
with the extinction of the last rays of the sun, all the 
Fraunhofer lines disappeared from the spectrum. The 
small instruments employed by Pickering and Harkness, 
in which the field of view was large, exhibited a spectrum 
obtained at once from the corona, the prominences, and 
the neighbouring sky. During totality a faint, continuous 
spectrum was visible, free from dark lines, but crossed by 
two or three bright lines. 

Young, with his spectroscope of five prisms (Fig. 171), 
observed the three bright lines in the spectrum of the 
corona, given in Plate V., No. 2, and drawn according to 
Kirchhoff’s millimetre scale introduced above. These lines 
were 1250 + 20, 1350 + 20, and 1474. 

The wave-length of the line 1474 is, according to 
Ängström, 0'00053159 millimetre. Its coincidence with 
one of the lines of iron is only apparent, and results from 
the small dispersive power of the spectroscope employed. 
By the use of a powerful spectroscope, this line was 
discovered by Young, in 1876, to be double. The most 
refrangible of the two was nebulous, while the other was 
sharply defined. The former is the true corona line; the 
other belongs to the vapour of iron. Fig. 174 gives a 
portion of the spectrum near the line in question, after a 
drawing by Young. 

To what 'substance the corona line is due is at present 
unknown. Of the five lines observed by Winlock in the 
spectrum of the aurora one appeared to be near the line 
1474 (K.) (Plate V., No. 3), and was supposed by Young 
to be identical with the corona line, but he was afterwards 
convinced that the lines were wholly unconnected. 

In examining spectroscopically the corona during the 
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eclipse of the 22nd December, 1871, Respighi and Lockyer 
adopted the method, first suggested by Secchi in 1868, of 
viewing the eclipse with a direct-vision system of prisms 
without slit or collimator. Respighi employed an object- 
glass prism of small refracting angle; Lockyer made use 
of a system of five prisms in the eye-piece. DBy this 
method of observation an annular image, coloured accord- 
ing to the colours of the corona lines, ought to appear, 
and this proved to be the case. 


But in addition to the distinet and brilliant images, there 






































The Corona Line, 1474 K, and its Neighbour, after Youn 
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appeared traces of several others, corresponding, in all pro- 
bability, to familiar corona lines, all of which stood out 
against a faint and confused background spectrum. After 
careful examination of the phenomena, Secchi comes to 
the following conclusions: I. The coloured images were 
not all of equal height; the green of the corona appeared 
to be the highest; the four images of the prominences at 
C, D,, F, and A were similar in form, but diminished in 
size, in the direction from C to F, in a similar manner to 
the behaviour of the bright lines of the prominences. 


2. The green image of the inner annular corona was per- 
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fectly uniform, and was the most distinct ; it was best defined 
at its upper part, although the light was less intense there 
than at the base. Its form was apparently circular, and 
extended as far as from six to seven minutes from the 
sun’s limb. 3. The corona image was also visible in the 
red at C, but somewhat diffused and not so bright as 
the green line near I474; even in the blue near F and 
traces of images were visible. 4. The coloured images 
appeared against a faintly-coloured background ; if, there- 
fore, the light from the corona contains other lines than 
the green 1474, they must be very much fainter. 

In observing the same eclipse by the ordinary method, 
Janssen noticed a faint, continuous spectrum, and in addi- 
tion to the bright green line, several pale ones, among 
which he identified D. 

In the solar eclipse of the 29th of July, 1878, Professor 
Brackett, .stationed at Denver, under the direction of 
Professor Young, was unable to see a trace of any 
coloured corona image. Young employed a fluorescent eye- 
piece in order to observe the ultra-violet spectrum. Before 
the eclipse numerous dark lines were visible, but during 
the darkness no trace of bright lines could be discovered. 
No more definite results were yielded by photography, for 
the most carefully prepared sensitive plates applied by 
Drapsr, Lockyer, and others, to spectroscopes, from which 
the slit had been removed, received only the impression of 
a faint continuous spectrum in the ultra-violet without rings 
or marks of any kind. Apparently there were no lines 
present that could be seen or photographed. Professor 
Rockwood found the spectrum of the corona continuous 
and tolerably bright, but not a trace of bright lines could 
be seen. Professor Eastman endeavoured to ascertain the 
height to which the continuous spectrum extended, and 
found that although the corona varied in intensity at dif- 


338 SPECTRUM ANALYSIS. 


ferent parts of the sun’s limb, the spectrum disappeared at 
nearly the same distance from the sun’s edge at every 
point. Professor Barker, stationed at Rawlins (Wyoming), 
searched in vain for any bright lines ; the appearance pre- 
sented to him was that of a bright continuous spectrum. 
Upon contracting the slit the Fraunhofer lines became 
visible, which upon further scrutiny were found to extend 
only as far as corresponded with the image of the corona. 
They gradually faded from the base of the spectrum up- 
wards, and seemed to terminate at the edge where the 
continuous spectrum began. 

[In the eclipse of 1882, the same photograph which gave 
the longest list of prominence lines also gave the bright lines 
to be found in the corona. The following is a list :— 


4526 4212 
4501 double ? 4195 
4473 4179 
A442 4173 
4414 4168 
4401 short 4101 h 
4395 4085 
4370 short and winged 4067 
4340 Hy 4057 
4289 4044 
4267 4015 comparatively strong 
ASe 3992 
4241 3948 
ee 


The slitless spectroscope also showed that in the corona 
is a mass of 1474 (Kirchhoff) stuff, and also the gas which 
gives out D,, as rings corresponding to these wave-lengths 
were found on the negative (Fig. 175). 

Abney and Schuster further found that part of the coronal 
light was reflected sunlight, as the Fraunhofer lines were 
photographed, feebly it is true, but still quite visibly, in the 
portion of the spectrum near G, which is the part of the 
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spectrum which most readily impresses the photographic 
plate. 

Quite recently Dr. Huggins has shown that the corona 
may be photographed in full sunlight. Observing that the 
coronal spectrum was most intense at one particular region, 
he placed solutions of permanganate of potash, or coloured 
violet glasses, in front of a sensitive plate, on which was 
formed an image from a reflector. By carefully timing the 
exposure of the plate he was able to make the light of the 
corona impress itself more than the light coming from the 
intervening skylight, and thus obtained images of the corona. 
Compared with the eclipse photographs of 1882, the plates 
secured by Huggins, about the same time, showed the same 
coronal form. Huggins subsequently modified his process, 
concluding that the part of the spectrum near H might give 
the best results. On the recommendation of Abney he 
tried chloride of silver, as being particularly sensitive to 
that region to receive the image, and with these he obtained 
marked success. Photographs taken in the Caroline Islands 
during the eclipse of 1883, and Dr. Huggins’s photographs - 
taken with an uneclipsed sun, which were taken at very 
nearly the same time, again showed the same general 
features. Huggins has employed other sensitive salts for 
the purpose, and succeeded with most. At the time we 
write photographs are being taken under the direction of a 
committee of the Royal Society, at a high elevation, to 
further test Huggins’s method. 

It has been thought that the inner bright circle of coronal 
light closely surrounding the moon’s limb belonged to the 
solar body, but that the rays streaming from the luminous 
ring were merely the rays of the sun reflected from the 
dark and uneven surface of the moon, and brought by re- 
fraction into the earth’s atmosphere. It would, however, 
be incorrect to regard the radiation of the corona as an 
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optical phenomenon, for a comparison of the photographic 
pictures shows that with the moon’s advance, the corona 
became more covered at the eastern edge of the sun, and 
more exposed at the western edge ; in no way participating 
in the moon’s motion, but continuing stationary during the 
eclipse. That the corona therefore belongs to the sun admits 
of no doubt, but this seems only to make its nature the more 
obscure. From the observations of solar eclipses, including 
that of 1878, it seems tolerably certain that the causes which 
give to the spots a periodicity of eleven years exert a similar 
influence upon the corona. 

In discussing the results obtained from observations of 
the eclipse of the 29th of July, 1878, Schuster was led to 
the somewhat bold conclusion that inasmuch as the appear- 
ance of a continuous spectrum indicates the presence of 
solid or liquid particles, they may be supposed to consist of 
cosmical meteors. These may be conceived of as a con- 
tinuous shower falling into the sun from every direction, 
and while shining by reflected solar light also give out light 
of their own in consequence of the extreme heat to which 
they are subjected. Young also deems it probable that 
while the gaseous constituents of the corona belong to the 
sun, the solid portion—the corona dust or nebula—is of 
foreign and probably meteoric origin. In the present state 
of our knowledge on this branch of science, the question as 
to the nature of the corona still remains unanswered ; the 
solution of this problem must be reserved till, by the careful 
observation of future total eclipses, fresh data shall be col- 
lected, which may either confirm the theories already ad- 


vanced, or suggest new ones in their stead. 
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76. METHOD OF OBSERVING THE SPECTRA OF THE PROoMI- 
NENCES AND CHROMOSPHERE IN SUNSHINE. 


In observing the solar eclipse of 18th August, 1868, 
Janssen was surprised by the remarkable brilliancy of the 
prominence-lines, and exclaimed as the sun reappeared and 
the prominences faded away, “ Je reverrai ces lignes la en 
dehors des eclipses!” Clouds prevented him carrying out 
his intention on that day, but on the Igth of August he was 
up by daybreak to await the rising of the sun, and scarcely 
had the orb of day risen in full splendour above the horizon 
than he succeeded in seeing the spectrum of the prominences. 
The phenomena of the previous day had completely changed 
their character : the distribution of the masses of gas round 
the sun’s edge was entirely different, and of the great pro- 
minence scarcely a trace remained. For seventeen consecu- 
tive days Janssen continued to observe and make drawings 
of the prominences, by which it was proved that these 
gaseous masses changed their form and position with extra- 
ordinary rapidity. Janssen’s paper communicating his dis- 
covery to the French Minister of Education is dated the 
19th of September, 1868. 

The achievement of Janssen was based upon principles 
already placed before the scientific world in a paper com- 
municated to the Royal Society by Lockyer, in 1866. 
Shortly after Janssen’s announcement, Lockyer, by the use 
of increased dispersive power, was able to obtain the spec- 
trum of a solar prominence (Fig. 170, No. 6), the lines of 
which are thus described: ı. Absolutely coincident with C; 
2. Nearly coincident with F; 3. Near D. This third line 
near D, always a very fine line, is more refrangible than 
the most refrangible of the two D-lines (that is to say, it lies 
nearer to the green), and is designated D;. 
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The possibility of observing the lines of the prominences 
in bright sunshine lies in the difference between the con- 
tinuous spectrum of the sun and the line spectrum of the 
prominences. If the two spectra be formed in the same 
spectroscope in juxtaposition, the line spectrum will be 
usually overpowered by the brightness of the continuous 
spectrum. But if, by an increase in the number of prisms, 
the spectra be extended, the light of the continuous spectrum 
may be reduced to almost any amount, while the lines of 
the prominence spectrum will only become further separated 
without suffering any perceptible loss of light. Thus in a 
spectroscope of highly dispersive power, the prominence 
lines retain their brightness so as to be observed even on 
the disc ofthe sun. The greater, therefore, the dispersive 
power of the instrument, the brighter will the coloured 
lines of the prominences appear to be. 

It was on these considerations that Lockyer based his plan 
of observing the spectra of the prominences in full sunshine. 
The telescope employed was an excellent refractor of 64 
inches aperture, and 984 inches focal length, driven by clock- 
work, and the spectroscope consisted of seven prisms of 
dense flint glass* of 45° each, with a refracting angle of 
more than 300°. When greater power was needed, an eighth 
prism of 60° was added, and occasionally a direct-vision 
spectroscope was introduced into the telescope. 

Fig. 176, in connection with Fig. 172, will explain more 
clearly this method of observing the prominences. S repre- 
sents the solar image as formed by the object-glass of the 
telescope, $ # the image of the prominences, invisible owing 
to the overpowering solar light. The slit s s is placed per- 
pendicularly to the sun’s limb, and is therefore in the 
direction of the sun’s radius, so that one half falls on the 


* The glass had a specific gravity of 3'91, a refractive index of 
1'665, and a dispersive power of 0°0752. 
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sun’s disc, while the other half extends beyond it on to the 
surrounding envelope of glowing hydrogen (the prominences). 
In spectrum I, which is still bright, though very much 
weakened by the great dispersion of the light, the Fraunhofer 
lines are very strongly marked. The other half of the field 
of view contains the spectrum of the air 2, 3, which is 
extremely faint, and which by a sufficient increase in the 
number of prisms may be very nearly extinguished. The 
spectrum 2 of the prominence 
Fic, 176. : 
Be. stratum / f appears upon this 
7 spectrum in immediate contact 
with the spectrum I of the sun’s 
disc, and it has been found by 
observation that spectrum 2 con- 
sists of several drıght lines, 
among which the hydrogen lines 
are at all times particularly bril- 
liant, of which Ha (red) forms 
the exact prolongation of C, HB 





(greenish-blue) the equally ac- 
curate prolongation of F, and 
Hy (blue) less refrangible than 
G (not represented in the draw- 
ing); there is also to be seen the 








line, as yet unknown, D,, immedi- 


Prominences. 


ately following the sodium line D,. 

If the spectroscope be directed to the extreme edge of the 
sun, and the slit carried round the sun, the spectrum of the 
prominences will be immediately recognized; and, as the 
lines appear only where an accumulation of hydrogen is pre- 
sent, from the greater or less length of these bright lines a 
drawing of the form and position of the prominences round 
the sun may be made with almost the same accuracy as 
during an eclipse. A prominence thus observed and sketched 
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by Lockyer is shown in Fig. 177. As the length of the 
bright lines depends upon the height of the prominence, and 
these lines appear only when the light of the luminous 
gas falls into the slit, attention need only be directed to one 
of these bright lines, the bluish-green F-line (Hß) for 
instance, in order to determine the form of a prominence. 
If such a line be observed to be of some length, a pro- 
minence is then in view ; and if the slit be turned slowly to 
the right and to the left, the line will lengthen or shorten 
according as the prominence is higher or lower; it will also 
appear interrupted, divided, or, as at the point a, isolated 


Fıc. 177. 


ji 


MI 
I} 


ı 





Sketch of a Prominence by means of its Spectrum Lines. 


from the solar spectrum, according as the prominence itself 
is interrupted or separated from the sun’s limb. 

Plate V., No. 4, represents the spectrum of the sun, 
and that of the prominences as they usually appear in a 
large telespectroscope with a radial slit. In the latter spec- 
trum, besides the four bright lines of hydrogen, other bright 
lines are generally visible in correspondence with the 
Fraunhofer lines; among these, the yellow line D, beyond 
D is usually present, and frequently a green line, due to 
iron, 1474 (Kirchhoff), besides the three magnesium lines b, 
and, according to an observation by Rayet, the two sodium 
lines D, and D,. From the circumstance of the spectrum of 
the prominences, as well as that of the gaseous stratum PP 
immediately surrounding the sun, being composed of coloured 
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lines, Lockyer has given to this gaseous envelope the name 
of chromosphere. 

Upon the arrival of the news of Janssen’s discovery, 
Secchi began a series of speetrum investigations of the 
prominences. He employed a spectroscope of two flint- 
glass prisms of high dispersive power, capable of showing 
the fine Fraunhofer lines between B and A, and placed it 
in combination with an excellent equatorial. When the slit 
was carried completely round the disc of the sun, he observed 
that the bright line C (red) was everywhere visible. With 
the slit perpendicular to the sun’s limb, this line was always 
from 10’ to 15” in length, excepting in a zone of 45° on each 
side of the equator, where the solar spots and facula are 
known to abound, in which region this line was four times 
its ordinary length. In many places it was separated from 
the sun’s limb, when, if the slit was placed at a tangent to 
the limb, this bright line always crossed the entire spectrum, 
but when the slit was removed from the sun's limb, it some- 
times appeared separated in detached pieces. 

This proves that the stratum of glowing gas—the chromo- 
sphere—surrounding the sun is really continuous, though 
distributed very unevenly. Where a bright line attains the 
height of 60’ or more in the spectrum, it proclaims the exist- 
ence of a prominence, and where a bright line is broken 
into fragments, it is an indication of the presence of isolated 
masses of glowing gas—of solar clouds at a considerable 
height above the sun’s surface. 

Direct-vision spectroscopes, of even moderate dispersive 
power, may be used with advantage for the observation of 
the prominences, if introduced into the telescope in place of 
the eye-piece. Instead of examining the direct image of the 
sun as formed by the object-glass, the slit may be directed on 
to a magnified image obtained by drawing out the eye-piece 


of the telescope. 
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An ingenious arrangement for an adjustable slit is shown 
in Fig. 178. It consists prineipally of two steel plates, 
travelling upon edges of steel, which, by the revolution of 
a single screw, can be made to separate in unison from 
a central point, and by the action of a spring be brought 
to approach again. In this way, the width of the slit may 
be increased to nearly a quarter of an inch. By turning 
the outer ring R, the comparison prism, which receives 
its light through the opening at a, is drawn aside, and the 
full light from the object-glass allowed to fall upon the 
whole length of the slit. 









































Arrangement of the Slit in the Spectroscope. 


Figs. 179, 180, and I$SI represent, after Lockyer’s draw- 
ings, those portions of the spectrum which include one of the 
chromosphere and prominence lines. Fig. 179 shows the 
C-line, with the hydrogen line Ha, of the chromosphere, 
equally broad, and somewhat pointed at its termination. 
Fig. 1Sı exhibits the F-line, and above it the hydrogen line 
Hß8 of the chromosphere. This line is spread out at the 
base, and terminates above in an arrow-shaped point ; the 
line Ha, on the contrary, remains, as a rule, of the same 
width throughout as the C-line. Fig. 180 represents that 
portion of the solar spectrum beyond the double sodium line 
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D, where, about midway between two very fine dark lines, 
the yet unknown line D, is situated in the spectrum of the 
chromosphere. 

While the red line Ha is always brilliant and easily seen, 
the greenish-blue line H£ß, though bright, is fainter and 
frequently also much shorter than Ha. The F-line, as well 
as its corresponding line Hß, is subject to a variety of 
changes, such as becoming inflated, bent, widened, twisted, 


and broken up. 
FıG. 179. 
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The Spectrum of the Sun’s Disc (below) and that of the Chromosphere 
(above) near the C-line. 

Besides these bright lines in the spectra of the pro- 
minences and the chromosphere, there appear from time to 
time many other bright lines, very marked and brilliant, 
among which are two lines in the red, one between B and C, 
but nearer to C,—estimated by Respighi to be removed from 
C by 0'041 of the distance between C and B,—and the other 
less refrangible between B and a, and distant from @ 0'036 of 
the space between B and a. Neither of these lines corre- 
spond with the lines of any as yet known substance ; they are 


not unfrequently seen with very great brilliancy in the higher 
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part of the prominences. Very frequently, too, there is to 
be seen another line in the green between E and F (Fig. 170, 
Nos. 3, 5, 8), as also the line 1474 (K.), the magnesium 
lines, etc. 

The third hydrogen line Hy (blue) near G (Fig. 170, 
No, :2); Ne. 2796 (K.), Ne. 27986 (Ängström), appears 
very brilliant under favourable circumstances; and when 


the air is transparent and free from vapour, and a high 


Fıc. 180. 
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The Spectrum of the Sun’s Disc (below) and that of the Chromosphere 
(above) near the D-line. 


prominence is present, there is also seen the fourth hydrogen 
line Hö (blue, 3370°1 K.), which coincides precisely with 
the dark line marked h by Ängström, of a wave-length of 
0°000410II of a millimetre,; this line was seen by Rayet 
with great distinctness on the 30th of April and on the Ist 
and 20th of May, 1869.* 

The remarkable yellow line D, (Fig. ISo) is seen as 
constantly in every part of the circumference of the sun’s 


* [Itisa line which is often to be seen. ] 
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disc as the hydrogen lines; the luminous gas to which it is 
due must therefore, like hydrogen, form a constituent of the 
chromosphere. Lockyer has been unable to find any corre- 
sponding dark line in the solar spectrum for this line, 
notwithstanding the most careful micrometric measurements, 
and the most painstaking comparisons with the maps of 
Kirchhoff and Gassiot. It was, however, identified by 
Vogel of the Bothkamp Observatory, on the 29th of October, 
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The Spectrum ofthe Sun’s Disc (below) and that of the Chromosphere 
(above) near the F-Jine. 
1871, and by Tietjen of Berlin, with one of the most pro- 
minent of the fine dark lines which appear in the neighbour- 
hood of the D-line when the sun is low in the horizon. As 
the result of numerous measurements, the wave-length of D, 
is found to be 587'38 millionths of a millimetre. Fig. 182 
shows the numerous atmospheric lines in the neighbourhood 
of D, which have been observed by Vogel to make their 
appearance as the sun nears the horizon. The lower spec- 
trum is a portion of that of the sun’s limb, the upper one 


the corresponding portion of that of our atmosphere. The 
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two prominent lines are D, and D,; the bright line in the 
upper part is the line D, of the chromosphere. 

A series of observations upon this line has also been 
instituted by Lockyer, who in conjunction with Frankland 
had previously ascertained, by comparisons with the spectrum 
given by a tube filled with hydrogen, that it could not be 
attributed to hydrogen gas. The results obtained were as 
follows : 

I. With the slit tangential to the sun’s limb, the line D. 
appeared bright at the lower part of the chromosphere, while 
in the same field of view the C-line was dark. 


2. In a prominence over a spot on the sun’s disc the lines 


FıG. 182. 











































































































Surroundings ofthe D-lines, after Vogel. 


C and F were bright, while the yellow line D, was invisible. 

3. Ina prominence which burst forth from the sun under 
high pressure the motion indicated by change of the wave- 
length was less for the line D; than for either C or F. 

4. In one case the C-line appeared long and continuous, 
while the line D;, though of equal length, was broken and 
interrupted. 

It follows from this that the line D, is certainly not occa- 
sioned by hydrogen gas,* and its source is therefore at present 
still undiscovered. It is usual to designate it a helium line. 

* [This can hardly be said to be settled in the light of the newer 


experiments made by Lockyer and De la Rue which we believe 
have been recently made. ] 


BRETT EEE 
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The reversal of the sodium lines D, and D, (vide Plate 
V., No. 4) has been observed by Lockyer, and subsequently 
also by Rayet, in the spectrum of the chromosphere ; that is 
to say, they have been seen as bright lines. With a tangen- 
tial slit, Rayet saw both these lines dark upon the sun’s 
limb. In observing a magnificent prominence 3’ high, which 
appeared to rest upon the sun’s limb, both these lines were 
somewhat dark at the base; when nearly two-thirds from 
the base they had entirely disappeared, but by a slight dis- 
placement of the slit they were again discovered in the form 
of bright yellow lines, and at the summit of the prominence 
they were again dark. 

The magnesium lines Ö,, Ö,, d,, as also the line d,, com- 
posed of lines of nickel and iron, are seen not unfrequently 
as bright lines in the spectrum of the chromosphere, but 
almost always as very short lines, which seem to show that 
the vapour of magnesium does not rise to any great height 
in the chromosphere. When these bright lines are visible, 
the first three, Ö,, ds, d,, appear of about equal length, while the 
fourth line, d,, is much shorter (Plate V., No. 4). Ithas been 
found by Lockyer and Frankland that a similar phenomenon 
is to be noticed in the spectrum of terrestrial magnesium 
when formed by the passage of the electric spark through the 
air between electrodes of this metal, and the poles too far 
separated to allow of the spectrum extending from one pole 
to the other, but each pole surrounded by a luminous vapour 
of magnesium. In observing at a short distance the spec- 
trum of this luminous gaseous envelope, the most refrangible 
of the three magnesium lines that made their appearance was 
always the shortest, and shorter still were several other lines 
which have not been observed as yet in the spectrum of the 
chromosphere. Of the many iron lines occurring as dark 
lines in the solar spectrum, only a few appear as bright lines 
in the spectrum of the chromosphere ; among these, the one 
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most frequently observed is the well-known line 1474,* 
which shows itself as a short green line. Young gives the 
following catalogue of all the lines that are constantly visible 
in the spectrum of the chromosphere, together with their 
respective wave-lengths according to Ängström 1 


Tr YO . ; . Element unknown. 

2. 6561°8 C ; . Hydrogen (Ha). 

3. 589749 D . . Element unknown, termed Helium 

by Frankland. 

Au BEIEG . ; . Corona line, element unknown. 
5. 4860°6 F : . Hydrogen (Hß). 

6. 447172 f ; . Cerium (?). 

7. 4340 ınearG . Hydrogen (Hy). 

8. gıor'2 A B ; # (Hö). 

9. 3969 ? i . Element unknown. 
10. 39070 Er .  Possibly hydrogen. 
11. 39328 KH, %* Er 15 


These lines are invariably present in the spectrum of the 
chromosphere ; a much larger number are occasionally seen 
in addition. 

At certain times, when powerful eruptions from the 
interior of the sun extend into and even beyond the 
chromosphere, the spectrum of the latter becomes very com- 
plicated. Phenomena of this kind have been frequently 
observed by Lockyer with a Zangential slit. This position 
offers the advantage of viewing at one time a much larger 
extent of the sun’s limb, or chromosphere, than can be ob- 
tained by a slit placed radially, although the latter position 
is advantageous when the object of the observer is to watch 
the changes occurring in the chromosphere, or to observe 


* [Young has shown that the line in the solar spectrum supposed 
to be coincident with the 1474 line, and which is marked as an iron 
line, is really a double line, only one component of which is due to 
iron. The 1474 line of the chromosphere, he has &hown, is not 
coincident with this component. Rowland has more recently photo- 
graphed this line in the solar spectrum as a double line. ] 


w 
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especially the form and height of the prominences. When 
the slit is placed tangentially upon the sun’s limb, so that 
portions of the sun and chromosphere are visible at the same 
time to an equal height in the slit, the spectra of the sun and 
chromosphere are no longer seen side by side, but are par- 
tially superposed, the one obscuring the other. 

Fig. 183, from a drawing by Lockyer, shows the C-line 


during the observation of a prominence ; the dark C-line was 





Covering of the Dark C-line with Ha. 


completely annihilated, and replaced by a bright band. The 
F-line, as shown in Fig. 184, was differently affected. In the 
spectrum of the light emitted from the extreme edge of the 
sun, the bright line Hß appears to be of greater refrangi- 
bility than the dark F-line itself, but at a short distance from 
the sun’s limb the dark F-line in the spectrum of a promi- 
nence was completely replaced by the corresponding bright 
line of hydrogen. . Many other lines besides those of hydro- 
gen appear bright under similar circumstances in the spec- 


trum of the chromosphere, and on the ızth of April, 1870, 
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hundreds of such bright or reversed Fraunhofer lines were 
observed by Lockyer at a spot in the chromosphere where a 
prominence wassituated. The complications in the spectrum 
of the chromosphere were most remarkable in the regions 
more refrangible than C, and in those extending from the 
line E to beyond Ö, and as far as the neighbourhood 
of FR. 


The following table has been made by Young of the lines 


Fıc. 184. 





Partial Covering ofthe Dark F-line with Hß. 


frequently appearing in the chromosphere, but not always 


visible :—— 


I. 66769 . . Ian, 11. 5183'0 dı . Magnesium. 
2. 64299 . i ? 22.517270 2, i 3 

3. 614006 . . Barium. 13. 5168°3 5; ‚Iron. and 
4. 5895°0 D, . Sodium. Nickel. 

5. 5889°0 D, R = 14. 5166°7 2, . Magnesium. 
6. 53614 . Iron. 1550170 & . Iron and 
1: 32834". J ? Nickel. 

Bu BZ: ? IOESONEED: % ; ? 
EEE .. Magnesium. 17. 4933°4 - - = Bartume 

EO. 51070. . ? Nor gear = . Iron. 


72 
I 
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19. 49873 s ? | 26. 43946 . { ? 

20. 49182 . . Iron. | 2, 4052, ».. tan. 

21. 48093 . . Barium. 23, A235 » Me 

22. 4500°3 . ,‚ Titaniim.. | 29. 4233°%0- . . Iron and 

23. 44909 . . Magnesium. | Calcium. 

24. 44894 . . Magnesium | 30.427150 , . Calciumand 
and Iron. | Strontium. 

25. 44685 . . Titanium. | 31. 407770 . . Calcium. 


In addition to these lines other bright lines were observed 
in the chromosphere by Young in 1872, while stationed at 
Sherman (Wyoming), at an elevation of 8280 feet, by the 
use of a Q-inch refractor and an automatic spectroscope of 
twelve prisms. His catalogue includes in all 273 of such 
lines. 

Among the most remarkable phenomena observable in 
the bright lines of hydrogen seen in the spectrum of the 
chromosphere is that of the widening at the base and pointed 
arrow-like termination of the greenish-blue line Hß, as well 
as the narrowing to a point of the other bright lines Ha and 
D;, as represented in Figs. 179, 180, and ı8ı. This pointed 
termination of the bright lines in the spectrum of the chro- 
mosphere indicates that the temperature of the chromosphere 
decreases as it recedes from the sun, and at the same time, 
that the density of the hydrogen envelope is greater at the 
base of the chromosphere than in the higher regions. 

The phenomena observed in the C- and F-lines of the 
hydrogen gas in the chromosphere and prominences do not 
consist merely in the widening of the lines and their pointed 
termination, but also frequently in several other changes, 
such as their becoming swollen out in several places and 
assuming a twisted appearance, or being broken up into 
separate pieces, —phenomena which must be regarded as an 
indication of violent eruptive or stormy action taking place 
in the interior of the gaseous mass. Lockyer had early 


made many observations of this kind, and he has recorded 


J 
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the appearance presented by these lines. An instance is 
given in Fig. 185, where the F-line of the solar spectrum is 
accompanied by the corresponding bright prominence-line 
H£, which, in addition to the usual arrow-pointed termi- 
nation, has assumed the form of a twisted wavy line, the 
lower part of which spreads out over the sun’s disc; the 
C-line of the same prominence remained in the meanwhile 
unaffected, being neither spread out at the base nor twisted 
in form. 
Fıc. 185. 
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Changes in the Line Hß after Lockyer. 


A similar phenomenon in a very brilliant prominence was 
noticed by Professor Young on the Igth of April, 1870. 
The red C-line (Ha) was remarkably bright, so as to admit 
of its form being observed with a tolerably wide opening of 
the slit, but in no part was the line either twisted or broken. 
The F-line (H$), on the contrary (Fig. 186), though equally 
brilliant, was everywhere broken up into pieces, and at the 
base was three or four times wider than usual. 

It will presently be shown in what manner the displace- 


ment of a spectrum-line and the phenomena depicted in 


(e* 
on 
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ligs. 185 and 186 are connected with the motion of the 
luminous gaseous mass to which these lines in the spectro- 
scope owe their origin. When, however, as in these instances, 
only one of the spectrum lines (Hß) is so affected, and the 
other line (Ha) remains unchanged, it is scarcely credible 
that the cause of this phenomenon is to be found in the 
eddying motion of the gas whence the light is emitted. 
Young is of opinion that phenomena of this kind are to be 
attributed to some local absorption by which a line (colour) 
which is much spread out by the influence of pressure and 
temperature ıs particularly affected. By means of his power- 
ful spectroscope, composed of five prisms, Young was able 


to watch-the above phenomenon 


Fıc. 186. 


for half an hour at a time. 

When the atmosphere is ex- 
ceedingly tranquil in the neigh- 
bourhood of a large solar spot, 
or over a large region in the 


sun’s disc, absorption bands are 





seen to traverse the whole length 
Changes ir Line Hßafter ofthe spectrum (Fig. 195) cross- 
co ing at right angles the Fraun- 
hofer lines; they vary in width and in depth of shade 
according as a pore, a depression, or a completely formed 
spot is found opposite the corresponding place in the slit. 
Here and there in the brightest portions of the spectrum 
there suddenly appears a lozenge-shaped light (Fig. 187, 
No. 2) in the middle of the absorption line. 

Fig. 187, No. ı, shows the dark F-line at the base of a 
prominence as observed with a tangential slit. In-it are to 
be seen two or three of those lozenge-shaped stripes of light 
which are due apparently to the greater pressure of the 
gas; they were more elongated in the direction of the 


dark line than was the case in the line C. A precisely 
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similar phenomenon was observed by Young in both the 
D-lines. 

A simple method of illustrating the simultaneous obser- 
vation of the spectra of the sun and chromosphere has 
been devised by Lockyer. He noticed that: the flame of 
an ordinary tallow or stearine candle is surrounded by an 
envelope of sodium vapour not ordinarily visible, but which 
can be perceived immediately on the application of the 
spectroscope by the existence of the yellow sodium lines. 
If the slit of the instrument be moved slowly from the side 
into the flame, at the spot a little above the place where the 
wick bends outward, the bright line D will at once appear 
against a dark background; by a further movement of the 
slit into the flame itself, a second spectrum, the continuous 
spectrum of the flame, is formed, and there will be seen side 
by side, in the same field of view, the two spectra—that of 
the flame and that of the sodium vapour by which it is 
enveloped. If the flame be agitated so as to produce a 
flickering, the bright D-line may be made to pass through 
similar changes to those observed in the hydrogen lines of 
the chromosphere. 

The following are the results gained concerning the nature 
of the chromosphere : 

The body of the sun, or its light-giving envelope the 
photosphere, is completely surrounded by a gaseous envelope 
in which hydrogen constitutes the chief element, and which 
is called the chromosphere. Its mean height is between 
5,000 and 7,000 miles, The prominences are local accumu- 
lations of the chromosphere, and therefore pre-eminently of 
hydrogen, which break out from time to time in the form of 
monster eruptions, foreing their way through the photosphere 
and chromosphere. 

The outer edge or upper surface of the chromosphere, 
according to Secchi, exhibits sometimes an even surface, 
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but frequently this is broken up into a number of fiery rays 
or countless small flames of irregular form. In Fig. 188, 
No. I represents the chromosphere when at rest, while 
No. 2 shows the small flames. According to Secchi’s 
observations, the chromosphere is most frequently rough 
at the edge, as if set with bristles, especially in the vicinity 
oil the faculae (Fig. 188, No. 3), or raised into large, wave- 
like swellings (No. 4), in the process of developing into 
prominences. 
The chromosphere, at its base, merges into the stratum, 
ee yielding a continuous sSpec- 
1 9 trum (see p. 269), beneath 
ir men) "7 which again lies the glowing 
vaporous photosphere, contain- 
ing all substances, the spec- 
trum lines of which appear in 
the solar spectrum as reversed 
absorption lines. These sub- 
stances, among which iron, 


magnesium, and sodium are 





the most conspicuous, often 


F C 


i break loose and rise to a 
Reversal ofthe C and F-lines. f 4 2 
certain height into the chro- 


mosphere and into the base of the prominences. 


77. METHOD OF ÖBSERVING THE FORM OF THE PROMINENCES 
IN SUNSHINE. 


The possibility of observing the prominences in full sun- 
shine arises, as we have seen, from the specific difference 
existing between the light of the prominences and that of 
the body of the sun. 

The light of an incandescent solid or liquid body which 


passes through the slit of a spectroscope will be spread 
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out by the prism into a band of greater or less length, and 
form a continuous spectrum. 

The light of a gaseous or vaporous body will, by the 
same means, be decomposed into a few—sometimes a very 
few—bright /ines. 

In the first case, the greater the length of the spectrum, 
the less will be its intensity in comparison with that of 
the source of light; in the second case, especially when the 
speetrum consists only of a couple of lines, the intensity of 
each line is little less than half that of the light itself. 

If, therefore, an equal amount of light from two self- 
luminous bodies, one solid or liquid and the other gaseous 
or vaporous, enter the slit of the spectroscope at the same 
time, the bright lines of the latter will be more brilliant 
than the corresponding portion of the continuous spectrum. 

By increasing the number of prisms, the continuous spec- 
trum may be so elongated, and consequently diminished in 
intensity, as to be reduced to the verge of invisibility, 
while the same amount of dispersion produces on a spec- 
trum of lines from glowing gas an increase only in the 
distance between the lines, with scarcely any diminution of 
their brilliancy. 

The reason why the prominences round the sun’s limb 
cannot be made visible merely by screening off the intense 
light of the sun is owing to the brilliant illumination of the 
earth’s atmosphere, the particles of which scatter so much 
light as totally to overpower the fainter light of the pro- 
minences. 

In a total eclipse of the sun this scattered light is so 
reduced as to allow the larger prominences beyond the 
limb of the sun to be observed by the unassisted eye. 
The possibility of reducing the glare of sunlight at any 
other time without extinguishing the light of the pro- 


minences rests on the circumstance already mentioned, that 
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the light of the sun consists of rays of every colour, and 
therefore produces in a spectroscope of highly dispersive 
power a long and faint spectrum, while the light of the 
prominences, consisting in general of only three or four 
kinds of rays, remains, even after the greatest dispersive 
power, still concentrated into the same number of lines 
(Ha, H$, Hy, D;). 

lt was on these principles, first announced by Lockyer, 

that Janssen succeeded, the day after the eclipse of the 
18th August, 1868, in observing the sdectrum of the pro- 
minences in sunshine. 
_ The discovery of this method soon led to the question 
whether it would not be possible not only to see the lines 
of the prominences, but also to make their forms visible. 
We have seen (p. 345, Fig. 177) that by passing the slit 
over the surface of the prominence, and mapping down the 
varying height of the line H$, Lockyer had succeeded in 
constructing the outline of a prominence, though the pro- 
minence itself remained invisible. 

It had already occurred, both to Huggins and Zöllner, 
that by reducing the light sufficiently to allow of the slit 
being widened, the prominence would be visible when the 
spectroscope was directed upon one of its spectrum lines, 
This proved to be the case, and by the use of increased 
dispersive power, whereby the solar light was diminished, 
the prominences were clearly seen with a widened slit if 
one of their spectrum lines was brought into the field of 
view. 

In Fig. 189 will be found some of the prominences thus 
observed by Zöllner. In Plates VI. and VII. two prominences 
are represented, in their natural colours, as seen in a large 
telescope, when the slit of the spectroscope was opened 
wide and directed on to the red C-line (Ha). They are 
characteristic of the two classes, the eruptive and the vaporous 
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FıG. 188.—Chromosphere and Prominences after Secchi. 


class, and serve to illustrate the remarkable changes of these 


forms. The prominence given in Plate VI., Nos. ı and 2, 


er 0 20 
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was observed and drawn by Professor Zöllner, and is of an 
eruptive form, with a decided rotatory movement. The 
prominence represented in Plate VII, Nos. 3 and 4, is 
one observed by Professor Young, and is of a cloud-like 
character. By means of the accompanying scale, their 
height can be ascertained. 

It is in most cases a matter of indifference whether the red 
line (Ha) or the greenish-blue line (HB) be selected for this 
purpose ; the requisite width of slit depends mainly upon 
the condition of the atmosphere. If the spectroscope be 
fixed upon the C-line, and the slit be so directed on to the 
limb of the sun that. the red line Ha appears in the field 
of view, on widening the slit, the prominence will be seen 
of a red colour; if, on the contrary, the F-line and the 
line Hß be observed, the same form will be visible of a 
greenish-blue colour. 

It may not perhaps be superfluous to mention that even 
with the smallest opening of the slit a very considerable 
portion of the sun’s surface is included in the field of view. 
If this opening be only „4, of an inch, and the image of the 
sun nearly an inch in diameter, the space on the sun’s 
surface included would be of about 3,300 miles in extent. 

If a diffraction grating is to be employed, the arrangement 
of the instrument will be as in Fig. 190. SO is the colli- 
mator, and S the slit, which must be placed in the focus of 
the refractor to which the spectroscope is attached. F is 
the telescope, which may be permanently fixed to the col- 
limator, as the only motion necessary is that of the mirror 
m, upon which is the grating gg. If the grating be made 
to revolve round a centre perpendicular to the plane of the 
drawing, the spectra of various orders will be formed in the 
telescope F. Owing to the overlapping of the spectra, by 
which the red end of the spectrum of the second order is pro- 
jected upon the blue portion of the spectrum of the third 
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order, it is sometimes necessary to separate the spectra. 
This may be accomplished, according to the suggestion of 


Sir John Herschel, by introducing between the grating and 


FiG. 180. 





Ist July, 3 hrs. 20 min., Ist July, 3.hrs. 45 min., Ist July, 6 hrs. 45 min., 
S.W. Margin, N.E. Margin, Pos. Angle=76,, 
Height=38 sec. Height=c. 120 sec. Height=35 to 40 sec. 
t > 6 





2nd July, Iı hrs. 35 min., 4th July, 9 hrs. o min., 4th July, Ohrs. 30 min. 
Pos. Angle=278°, S.E. Margin, N.W. Margin, 
Height=c. 35 min. Height =c. 40 sec. Height=35 sec. 


Solar Prominences observed by Zöllner. 


the telescope F a single prism of which the plane of disper- 
sion shall be perpendicular to that of the grating. 
It was with a diffraction instrument of this description, the 


construction of which is given in Figs. I9O and 191, that 
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Young prosecuted his numerous and important observations 
at Princeton. * 

Through a small telescope the details of these forms are 
less clearly visible. But an observer furnished with a tele- 
scope of four inches aperture, in combination with a spectro- 
scope whose dispersive power equals that of five or six 
ordinary prisms, is amply provided for the scrutiny of both 
chromosphere and prominences. How far the slit must be 
opened in order to obtain the sharpest image of the pro- 
minences must always be a matter of experiment. If the slit 
el be opened too wide, the image of 
R the prominence gradually loses it- 
self in the bright spectrum of the 
atmosphere. 

Among the observers who have 
been most actively engaged hitherto 
in the investigation of the promi- 
nences may be mentioned Lockyer, 
eq Taechini, Respighi, Secchi, Vogel, 
58 and Young. 

Construction of the By aid of his powerful instru- 


Diffraction Spectroscope. 
ment, Young has made valuable 


* In employing a diffraction spectrum for observing the promi- 
nences, Young was but following the example of Secchi and Vogel. 
It offers the advantage of an increase in the dispersive power of the 
instrument through the adoption of a higher order of spectrum, 
without an increase in the size of the apparatus. 

The diffraction spectroscope, however, has this disadvantage, that 
on widening the slit the object appears slightly distorted, either com- 
pressed or expanded in a direction at right angles to the position of 
the slit. When the grating surface is more inclined with respect to 
the telescope than to the collimator, the prominences upon the slit, 
being tangential to the sun’s limb, appear slightly compressed ; when 
the inclination is reversed the prominences appear elongated. This 
deviation from the normal height may easily be rectified by calcula- 
tion. Thus if 7 be the apparent height, H the true height, and # the 
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records of the forms of the prominences and the changes to 
which they are subject. On the ı7th of September, 1869, 
he saw an extended chain of prominences between + 80° 
and + IIo° position angle, a drawing of which is given in 
Fig. 192. These enormous masses of flaming gas extended 
along the sun’s limb for a distance of nearly 224,000 miles, 
and attained a height of 50’, or 23,000 miles; the points 


of greatest brilliancy were at a and Ö. 


FiG. I9I, 



















































































Young’s Diffraction Spectroscope. 


Slight changes in the form of the prominences may be 
watched almost without intermission with an open slit; great 
changes as a rule take place only very slowly, or quite im- 
perceptibly. In some cases, however, the change in the form 
of a prominence is so extraordinary, and occurs with such 
rapidity, that it can only be ascribed to extremely violent 
inclination of the upper surface of the grating with respect to the 
collimator, and /the inclination with respect to the telescope, then 


/h sın Z 
sin £ 
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agitation in the upper portions of the solar atmosphere, com- 
pared with which the cyclonie storms occasionally agitating 
the earth’s atmosphere 'sink into insignificance. The obser- 
vation of such a solar storm has been thus described by 
Lockyer :— 

“On the 14th of March, 1869, about 9h. 45 m., with a slit 
tangential to the sun’s limb instead of radial, which was its 
usual position, I observed a fine dense prominence near the 
suns equator, on the eastern limb, in which intense action 
was evidently taking place. At Io h. 50 m., when the action 
was slackening, I opened the slit ; I saw at once that the 


dense appearance had all disappeared, and cloud-like filaments 


FıG. 192. 





Young’s Observation of a Chain of Prominences. 


had taken its place. The first sketch, embracing an irre- 
gular prominence with a long perfectly straight one, was 
finished at ıı h. 5 m., the height of the prominence being 1’ 5”, 
or about 27,000 miles. I left the observatory for a few 
minutes, and on returning, at IIh. I5 m., I was astonished to 
find that part of the straight prominence had entirely disap- 
peared ; not even the slightest rack appeared in its place ; 
whether it was entirely dissipated or whether parts of it had 
been wafted towards the other part, I do not know, although 
I think the latter explanation the more probable one, as the 
other part had increased, which is to be seen clearly in the 
second sketch that was taken.” 

The four drawings given in Fig. 193 were made from a 


brilliant prominence observed by Professor Young on the 7th 
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of October, 1869. Its height measured 75”. The changes 
in its form took place with extraordinary rapidity ; the four 
drawings were made at the following epochs, 2h. 20 m., 
2.25 m, 25.55 1, and3h. 30 m. A nearly horizontal 
movement of the various masses of cloud was perceptible 
in the interior of the prominence. 

One of the most remarkable eruptions of prominences that 


have been yet observed occurred on the 7th of September, 


Fic. 193, 





Changes in the Form of a Prominence. 


1871, and has been described by Young. Between half- 
past twelve and two o’clock p.m., a kind of explosion took 
place upon the sun’s surface. About noon he had been 
observing an enormous prominence on the sun’s western 
limb, which had but slightly changed in form since the pre- 
ceding day, and presented the appearance (Fig. 194) of a 
cloud composed of horizontal streaks, its lower portion being 
about 3,200 geographical miles distant from the chromo- 


sphere to which it was attached by three or four vertical 
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pillars of great brilliance. It measured in length 3’ 45”, 
and nearly 2’ to its greatest limit in height ; therefore it 
had an extension in length along the sun’s limb of about 
21,700 geographical miles, and reached to a height of about 
17,700: 

After an absence of half-an-hour, at ı2 h. 55 m., he was 
amazed to find that the whole prominence, by a violent 
eruption, had been torn into shreds, and tongues of liquid 
fire shot up vertically, each one from Io to 30° long, and 
from 2 to 3” in breadth. They appeared most brilliant and 
were closest together in those parts where the stems had 
been before, and their motion was very rapid. 

These tongues of flame continued 

Be 294 to rise until, at five minutes past 

one, the highest was more than 
43,400 geographical miles above 
the surface of the sun. Extreme 


care was taken in the measure- 





ment of this height, and the mean 


Prominences observed by 
Young. 


of three observations, which agreed 
very closely, gave for the greatest 
height 7’ 49°, or about 45,800 geographical miles, a height 
greater by nearly 3’ than any previously recorded. The 
speed of the ascending gas was 36 geographical miles in 
a second, a velocity unprecedented. At a quartier-past one 
all that remained of the great prominence were a few lumps 
of luminous matter, together with some bright streaks quite 
close to the chromosphere, which served to indicate the spot 
where the magnificent phenomenon had occurred. 

During this interval the small,mass a (Fig. 195) had 
greatly increased and developed into a surging flame, con- 
tinually changing in form. At first it seemed to creep upon 
the sun’s surface ; later it rose like a pyramid (Fig. 196) to 


a height of 10,800 geographical miles, the summit of which 
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dissolved itself in long threads, which bent round in a 
most remarkable manner. At length it gradually dispersed 
and completely disappeared at half-past two. This. pro- 
minence is represented in Figs. 196 and 197, from drawings 
executed respectively at Ih. 40 m. and Ih. 55 m. 

On the 28th of September, 1870, Professor Young suc- 
ceeded for the first time in photographing, in bright sun- 
shine, the prominences : 

‚ Fıic. 195. 
on the sun’s limb. _ 
This he effected by 
bringing the blue hy- 
drogen line Hy near G 
into the middle of the 
field of the spectro- 
scope, and placing a 
small photographic 
camera in connection 
with the eye-piece of 
the telescope. As the 
chemicals .employed 
were those in ordinary 
use, the requisite time 
of exposure was 31 


minutes, and the im- 





age of the prominence 


Explosion in a Prominence. 


suffered a slight dis- 
placement, owing to a want of perfect adjustment in the 
polar axis. Still the forms of the prominences could be 
clearly discerned in the photograph, which was half an inch 
in diameter, and the possibility of photographing them thus 
proved. 

In 1874 the attention of Dr. Lohse was directed towards 
obtaining a photographic image of the chromosphert« 
and prominences, and in his first eflorts an absorptive 


YA 
ii 
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medium was placed immediately in front of the sensitive 
plate. In subsequent experiments the image formed by the 
object-glass was received direct upon a daguerreotype 


plate. In this way, around the over-exposed image of 


the sun’s disc, Dr. Lohse 


FıG. 196. 


obtained the impression of 





a dark ring, a similar result 
being subsequently obtained 
by Janssen ; but it remained 
uncertain whether this ring 
was in truth the image of 


the chromosphere, as no 





Prominence observed by Young. prominence was visible.” 

In the spring of 1880 Lohse 
adopted an apparatus of another construction, by which the 
image of the chromosphere was to be built up of a number 
of images from the slit, and in order to obtain this the whole 
of the spectrum apparatus was to receive an even motion in 
front of a stationary 
camera. A circular 
motion was adopted, 
as by this means 
the slit, when placed 
in position in the 


focus of the tele- 





scope, was kept 
directed towards the 
A : Prominence observed bv Young. 
centre of the sun’s 
disc, by the clock motion of the telescope. Ihe details of 


the apparatus are shown in Fig. 198. By the object-glass O 


* "It may be safely said that the ring so obtained was not the 


I 
chromosphere. This effect is one which is well known in photo- 
eraphy, and is dependent on two or three causes which it would be 


- 


out of place to enter into here. ] 
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of a large telescope, an image of the sun’s disc is formed in 
the focal plane of the violet rays. This image is received 
_ ‚upon a blackened disc of metal, upon which a bright circle 
has been inscribed, the centre of which is coincident with the 
optical axis of the telescope. Within this circle the image 
of the sun is concentrically placed and maintained in this 
position by the action of the clock. In the metallic disc is a 
small notch in front of the first slit s,, which may be so 
reduced by a slide moving radially that no solar light is 
admitted into the instrument except that of the chromosphere 
and a minute portion of the sun’s outer edge. The con- 
centric position of the sun’s image secures the radial position 
of the slit s,, which remains undisturbed by the revolution of 


Fıc. 198. 





Lohse’s Apparatus for Photographing the Chromosphere. 


the instrument around the axis XX. The light emerging 
from the slit s, falls upon the convex lens 4, which acts as a 
collimator, and after passing through the direct-vision prism 
system P, arranged for the violet rays, is received by the 
lens /,, which is of the same focal length as /. In the focus 
of the lens /, is formed an image of the spectrum of the edge 
and its neighbourhood, out of which is obliterated, by means 
of the movable slit s,, the small portion containing the violet 
hydrogen line Hy. Immediately behind the slit s, is the 
sensitive plate P permanently attached to the telescope. 
When the apparatus is set in motion, the various parts 
1, A, P, /, and s,, which are connected together, travel at a 
uniform speed round the axis XX, by which means the slit s,, 
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to which small strips of leather are attached, is drawn across 
the dry gelatine plate. In this way there is formed a reversed 
image of the serrated edge of the sun, in which the promi- 
nences are projected towards the centre instead of the 
circumference. This arrangement is further advantageous 
inasmuch as the image of the chromosphere, which, in con- 
sequence of its revolution, receives a larger exposure than 
that of the sun’s disc, is compressed into a smaller space 
upon the plate, and therefore exerts a relatively stronger 
influence upon the sensitive plate. 


In Fig. 199, a drawing of the instrument is given. Within 


FiG. 199. 

















Lohse’s Rotating Spectroscope. 


three cylindrical iron rods, which serve to connect the instru- 
ment with the telescope, the tube T revolves with the least 
possible friction inside the two rings rand r,. In this tube 
are contained the five principal parts of the spectroscope, 
namely, the two slits, the prism system and the two lenses 
arranged in the order represented in Fig. 198. In Fig. 199 
the only parts given of the slit and its mounting are those 
connected with the sensitive plate, and are designated with 
the letters s.. By means of a screw it can be pushed in and 
withdrawn. The photographic carrier K is intraduced into 
the frame R, the cylindrical portion of which slides without 
any admission of light into the tube T. Before opening the 


carrier to introduce the slide, the frame R with the carrier K 





= 
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must be pushed towards the tube by means of the bar v and 
the screw w, until it is at the requisite distance between the 
second lens /,and the sensitive plate, and the whole excluded 
from the light. The carrier is then opened, and the slit s, 
brought towards the sensitive plate by a screw motion. 
When this is accomplished, and the sun's image is in the field 
of view, the tube is made to revolve by the turning of an 
endless screw. This motion, as the drawing indicates, is 
regulated by hand, but an advantage would doubtless be 
gained if clockwork were substituted, as from the narrowness 
of the slit s,, any slight irregularity in the motion would be 
perceptible in the image. 

Systematic daily investigation of the sun’s limb for the 
observation of prominences was first established at the 
Observatory of the Campidoglio at Rome, by Respighi, 
in October, 1869. Fig. 200 shows the method of registra- 
tion. The observations were made with a direct-vision 
spectroscope of strong dispersive power attached to a 
refractor, the slit being carried round the sun’s limb in a 
tangential direction. Regular daily observations have since 
been instituted at the astrophysical observatory at Potsdan, 
as well as by Secchi, Tacchini, and Bredichin. The Italian 
observations are published monthly in the Memorie della 
Societa degli Spettroscopisti Italiani (Roma). 

To facilitate the search for prominences round the sun’s 
limb Dr. J. Brunn has devised a spectroscope with a curved 
slit placed eccentrically.* The instrument is attached to a 
telescope of four inches aperture and five feet focal length, 
and successfully accomplishes its purpose. The optical part 
consists of two compound Amici prisms of five prisms each, 
and two achromatic object-glasses. The eye-piece employed 

* [Lockyer and Seabrook had already devised a similar instru- 


ment, using a circular slit. The results are described in the 
Proceedings of the Royal Society. ] 





379 SPECTRUM ANALYSIS. 


IS a micrometer eye-piece, composed of two plano-convex 


lenses, 
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The regular observation of the prominences has not vet 


been continued sufficiently long to furnish any definite 
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results. It has, however, been ascertained from the in- 
vestigations of Secchi and Tacchini, extending over several 
years, that the prominences occur least frequently in the 
polar regions, but gradually increase in frequency up to 
30° of latitude, where the maximum occurs, and that a 
less obvious minimum is to be noticed at the equator. 
As no large prominences are ever found within 30° of 
the pole, and their maximum frequency occurs at 30° 
latitude, it may be inferred, that not only the number, 
but also the height of the prominences is dependent upon 
the rotation of the sun and the photospherice currents pro- 
duced thereby. A comparison of the various periods shows 
a uniform and continuous change, in which, notwithstanding 
the limited period of observation, a decided maximum and 
minimum of intensity is to be noticed, and that the pro- 
minences gradually approach towards and then retire from 
the pole. 

These solar eruptions are closely allied to spots and 
facule; but they are of more frequent occurrence, and 
appear upon almost every portion of the sun’s surface while 
the facule are confined to within 50° or 60°, and the spots 
to about 40° of latitude. This seems to indicate that the 
conditions necessary for the formation of prominences 
are readily excited. The faculae are usually accompanied 
by prominences which reveal themselves by an increase 
in brilliancy in the solar surface ; for the formation of 
faculee, therefore, a necessary condition seems to be a 
state of intense and violent eruption. Further, the place 
of the spots is indicated by remarkable eruptions, resulting 
from an abnormal condition of the chromosphere—eruptions 
of intense brilliancy, yielding a spectrum of a complex cha- 
racter, from which it would appear that the hydrogen, at a 
considerable height, is mingled with the glowing vapours of 


magnesium, iron, sodium, etc. Another characteristic of 
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these eruptions is their marked intermittence and the entire 
absence of the numerous lines usually abounding in the 
chromosphere. 


78. MEASUREMENT OF THE DIRECTION AND SPEED OF THE 
GAS-STREAMS IN THE SUN. 


One of the most glorious triumphs of spectrum analysis 
is the discovery that by accurate measurements of the dis- 
placement in the position of the spectrum lines of a star 
or other source of light it is possible to ascertain whether 
this source of light is approaching or receding, and at 
what speed it is travelling. 

The principle on which investigations of this kind are 
founded was suggested by Doppler in 1842, who sought to 
explain the colours of certain stars by assuming their motion 
to bear some comparison with that of light, and therefore 
that the number of ether waves striking the eye in a second 
would be greater if the star were approaching us, and smaller 
if it were receding from us than if at rest. Now as violet 
light produces the greatest number of vibrations in a second, 
and red light the fewest, it follows that if the star be 
approaching, its light will be displaced in the direction of 
the violet, and if it be receding, in the direction of the red. 
Doppler was right in principle, although the conclusion he 
then arrived at was untenable. It was not till 1860 that 
Professor Mach, of Prague, pointed out the true solution of 
the problem that motion in the source of light can be shown 
by a displacement of the lines of the spectrum. 

The pitch of a musical tone depends, as is well known, 
upon the number of impulses which the ear receives from 
the air in a given time. Now as a tone rises in pitch the 
greater the number of air vibrations which strike the tympa- 
num in a second, so must a sound ascend in tone if we 
rapidly approach it, and fall in pitch if we recede from it. 
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The truth of this may be practically proved by listening to 
the whistle of a railway engine in rapid motion. To an 
observer standing still, the pitch of the tone rises on the 
rapid approach of the locomotive, and falls again as the 
engine travels away, although the note sounded remains 
unaltered. 

As the various tones of sound depend on the rapidity of 
the air vibrations, so the varieties of colour are regulated by 
the number of ether vibrations. If, therefore, a luminous 
‚object, as, for instance, the glowing hydrogen of a prominence, 
be receding rapidly from us, fewer waves of ether will strike 
the optic nerve in a second than if it were stationary. If 
the difference in the number of ether waves be sufficiently 
great to be perceived by the eye, then each colour of the 
glowing gas must sink in the scale of the spectrum,—that 
is to say, incline more towards the red. The individual 
coloured rays will not then occur in the same position in 
the spectrum which they would have occupied had the light 
been stationary ; they will be displaced towards the rea. 

. The converse takes place when the luminous body is 
rapidly approaching us: the number of ether vibrations 
received by the eye is then increased beyond what it would 
be if the source of light were stationary ; individual coloured 
rays will be found to have changed their position in the 
spectrum, and suffer a general displacement towards the 
violet. 

When it is remembered that the number of ether waves 
in red light is at least 480 billion and in violet 800 billion in 
a second, and that moreover the wave-length of the greenish- 
blue light (Hß), situated at F in the solar spectrum, is 
only 485 millionth (more precisely 0'00048505) of a milli- 
metre, and that instruments of sufficient delicacy to measure 
these minute quantities are required for this purpose, 
there will be little danger of underestimating the extreme 
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diffieulty connected with observations of this displacement 
in the colours of the spectrum. Indeed, these observations 
would scarcely be possible were it not that in the dark lines 
crossing the spectra of the sun and stars, we have fixed 
positions in the spectrum the wave-length of which may 
be determined beforehand both for the sun and terres- 
trial substances, and also for the stars or other sources of 
light supposed to be at rest. 

We shall presently see how Huggins and Secchi have 
availed themselves of this principle to determine the rate at 
which a fixed star is approaching or receding from the earth. 

Lockyer made use of the same plan for measuring the 
speed at which the glowing hydrogen gas composing the 
prominences streams forth from the sun’s nucleus, or sinks 
again when the eruptive force isexhausted. The principle of 
this method rests on the following considerations. 

The refrangibility of the greenish-blue light (Hß), which 
with the red (Ha) and the blue light (Hy) is emitted by 
glowing hydrogen, is determined by the position of the 
line F in the solar spectrum. If any displacement be 
observed in the F-line—-that is to say, a change in the refran- 
gibility or wave-length of this greenish-blue ray— without 
the neighbouring dark lines suffering any displacement at the 
same time, it is evident that the cause of this movement can- 
not be attributed either to the motion of the earth or to that 
of the sun, but is to be ascribed exclusively to the motion 
of the luminous hydrogen gas. 

If the hydrogen in the sun were rapidly approaching us, 
the number of its ether waves in a second must increase ; the 
length of each wave will become shorter and the light be in- 
clined towards the violet. Zhe F-Ine sufers then a displace- 
ment from ıls usual posıtıon in the solar spectrum towards the 
violet end of the spectrum. If the shortening of the ether 
waves of this hydrogen line (H$) be only „__— of a milli- 
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metre, the consequent displacement of the F-line can be 
perceived, and the motion of the hydrogen on the sun be 
thus demonstrated. 

If, on the contrary, this gas be moving in the opposite 
direction, and be receding from us, the number of its ether 
waves in a second will decrease, the wave-lengths will be 
augmented, the greenish-blue rays will approach the red, and 
a displacement of the F-line 
will be produced towards the 
red end of the spectrum. 

With regard to the approach nu ig 

El E 


or recession of the hydrogen 


Rie. 20% 


in reference to an observer 
on the earth, there are two 


1% 
different circumstances to be | 
Be: 
taken into account. If the n la 


direction of the arrow a in 
Fig. 201 be supposed to de- 
note a luminous stream of gas IL 
rising from the sun and ap- 
proaching the earth, that of 
the arrow z, on the contrary, 


to represent a stream of gas @ Earth 
sinking again into the sun Direction and Speed of the Gas- 
and receding from the earth, „er 3 


the stream a will cause a displacement of the F-line towards 
the violet, and the stream » towards the red, providing 
the velocity be sufficiently great to alter the wave-length 
at least —— of a millimetre. Tangential or side streams, 


10,000,000 





however, indicated by the arrows r and /, will have no 
influence in displacing the F-line ; they neither approach 
nor recede from the eye, their direction being perpendicular 
to the line of sight L. If, therefore, the telespectroscope be 
directed to the centre of the sun in the direction of the line L, 
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we shall, in the event of the displacement of the F-line, per- 
ceive only the rising and falling gas-streams a and , the 
velocity of which can be measured, but neither of the lateral 
streams flowing at a tangent to the sun’s surface. 

But if the instrument be directed to the sun’s limb at R, 
the case is reversed, and the rising and falling gas-streams a, 
and z,, inasmuch as they neither approach the eye nor recede 
from it, and therefore produce by their motion no displace- 
ment in the F-line, cannot be perceived. If, on the contrary, 
the lateral or tangential streams r,, /, be travelling at this spot 
with sufficient rapidity, the stream 7, willapproach the eye of 
the observer and cause a displacement of the F-line towards 
the violet, while the stream /,, receding from the earth, will 
produce a displacement of the same line towards the red. 

It is evident, therefore, that the rising and falling streams 
of hydrogen are best observed with the dark F-line in 
the central part of the sun, while the lateral streams, com- 
pared by Lockyer to circular storms, whirlpools, or cyclones, 
are best observed with the bright Hß-line on the sun’s 
limb (R or R,). 

If it should happen that the hydrogen lines suffer a simul- 
taneous displacement at both sides, or a uniform increase in 
width, it is obvious that the inference of motion in the lumi- 
nous body must be received with caution ; the cause of such a 
widening of either the bright or the dark lines must rather 
be sought for in an increase of density in the luminous 
gas. When, however, the expansion of the lines occurs 
sometimes on one side only, then only on the other, and again 
unequally on both sides, this cannot, according to the investi- 
gations of Lockyer and Frankland, be ascribed to a change 
in density, since by an increase of pressure the bright line 
of hydrogen, corresponding with the F-line of the solar 
spectrum, always expands equally or nearly equally on 


each side. 
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Fig. 202, which is from a drawing by Lockyer, shows 
the remarkable changes that take place in the dark line 
F when the spectroscope is directed to a solar spot in the 
middle of the sun. The dark bands passing through the 
length of the spectrum are occasioned by the general absorp- 
tion and weakening of the light produced by the substance 
of the spot. The F-line, which as a rule is sharply defined 
at the edges, appears in some places not merely as a bright 





Fic. 202. 
ı G. Ml. in 1 Sec. iu 1 Sec. G. MI. l 
in RER EN a BR 7 AT EL ER bi} 
nal 
BEOMIHSOFE TE ee N een 16/'Towards the cye 
2,18 1:12 
’ 19 ) j 
! 24 = hi 24 y 
1} iS | 
Pu | 





















































au IlmEREER 
ze llDEiIBıaE ale 
Net HmeNllmmiaare 
F' 


Displacement of the F-line: Velocity of the Gas-streams in the Sun. 


line, but as a bright and dark line twisted together, in which 
parts it suffers the greatest displacement towards the red. 
When this occurs, there is frequently also a bright line to be 
seen on the violet side. In small solar spots this line some- 
times breaks off suddenly, or spreads out immediately before 
its termination in a globular form ; over the bright faculae of 
a spot (the bridges) the line is often altogether absent, or 
else it is reversed, and appears as a bright line. 

The same phenomena are exhibited also by the red C-line 
(Ha), though as the greenish-blue F-line (Hß) is by an 
equal increase of pressure much more sensitive with regard 
to expansion than the red line is, and exhibits with greater 
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distinctness the changes that have been already described, it 
is better adapted to observations of this kind. 

All these expansions, twistings, and displacements of the 
F-line result, as we have already learnt in $ 77, from a 
change in the wave-length of the greenish-blue light emitted 
by the moving masses of incandescent hydrogen in the 
sun. The middle of this line, when it is well defined, cor- 
responds to a wave-length of 485 millionth of a millimetre, 
yet it is possible, by means of Angström’s maps of the solar 
spectrum (Plates VIII., IX., X., XI.), to measure a displace- 
ment of this line when the wave-length has only changed as 


I 


much as of a millimetre, and, conversely, it is also 


possible to read off at once by the measured displacement of 
the F-line the corresponding amount which the wave-length 
of the greenish-blue hydrogen light has lengthened or short- 
ened to the ten-millionth of a millimetre. Were the F-line to 
be displaced from its normal place in the solar spectrum to 
the spot marked ı (Fig. 202), the wave-lengths of the greenish- 
blue hydrogen light would be shortened „......, of a millimetre ; 
the light would therefore be approaching the eye of the 
observer, and an eruption of gas be ascending at the spot 
(Fig. 201, a) observed in the middle of the sun. It is easy 
to calculate that such a displacement of the F-line from its 
normal centre to the spot marked I denotes a rate of motion 
in the glowing gas of thirty-six miles in a second. 

If the F-line were to sufter an equal displacement to the 
left, that is to say towards the red, the wave-length of the 
greenish-blue hydrogen light would then be lengthened ; the 
gas then would be moving away from the earth at the 
same rate of thirty-six miles in a second, and the stream of 
gas be sinking down to the surface of the sun, as indicated 
by the arrow n in Fig. 201. 

A displacement of the F-line from its normal centre to the 
places marked 2 and 3 in Fig. 202, either towards the violet 
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or the red, would justify the conclusion that the hydrogen 
was rising from the sun or sinking back to it again at a 
speed of 72 and 144 miles respectively in a second. From 
the changes actually observed in the wave-length of the 
greenish-blue hydrogen light, or from the measured dis- 
_ placements of the F-line, whether bright or dark, it appears 
that the speed of the gas-streams is usually about 18 miles 
in a second. 

T'he 'observation of the /ateral movements must be made 
on the bright lines of the chromosphere at the sun’s limb 
either at R or R. The speed of the hydrogen is, in this 
case, much greater, whether it be approaching the earth as 
at r, near R, or at 2 near R, (Fig. 201), or whether it be 
receding from the earth as at », near R, and at 4 near 
R.. The changes in the wave-lengths of the hydrogen 
line oceurring at these places are not caused by the 
rising and falling of the streams of gas a,, n,, and ı „3, but 
by the lateral motion of the streams ,, 4, and 2, 4, and they 
are evident indications that the glowing hydrogen is in a 
state of rotatory or cyclonic movement. 

It must again be remarked that even with the narrowest 
setting of the slit, when the opening is not wider than zu of 
an inch, a considerable portion of the sun's surface, embrac- 
ing many hundred miles, is yet visible. 

If, therefore, a vortex of glowing hydrogen extending 
over a space of 900 or 1,000 miles be in rapid revolution in 
the neighbourhood of the sun’s limb, the whole of it may be 
observed with even the narrowest opening of the slit ; in the 
telespectroscope the ether waves, which are approaching the 
earth, may be distinguished at once from those which are 
receding from it, and the motion detected by a corresponding 
displacement of the F-line. Such a gas-cyclone (Fig. 201, 
I, 2, 3, 4) has been observed by Lockyer. When the slit 
was directed to the middle of the storm, there was an equal 
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expansıon of the F-line both towards the red and the violet, 
which indicated the velocity of the stream of gas to be rather 
more than 36 miles in a second. When the slit was moved 
first to one end of the vortex and then to the other (Fig. 201, 
2, 4) it was evident that the ether waves were at one place 
approaching and at the other receding from the earth, for in 
each case the displacement of the F-line occurred only on 
one side. Where the displacement was towards t.e red, a 
lengthening of the ether waves had taken place, and conse- 
quently the stream of gas (Fig. 201, 4) was receding from 


the earth ; but where the displacement or expansion of the 
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Movement ofa Gas Vortex in the Sun. 


F-line was towards the violet only, a shortening of the 
ether waves had occurred, and the stream of gas (2) was 
approaching the earth. 

Fig. 203 shows such a circular storm or cyclone observed 
by Lockyer on the sun’s limb on the 14th of March, 1869. 
With the first setting of the slit the image of the bright 
F-line (Hß) in the chromosphere appeared in the spectro- 
scope, as in No. 1; a slight alteration of the slit gave in 
succession the pictures 2 and 3. A simultaneous displace- 
ment of the bright F-line towards both the red and violet 


also occurred—a sign that at that place on the sun a portion 
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of the hydrogen was moving towards the earth, while another 
portion was going in an opposite direction, and thus the 
whole action of the gas in motion resembled that of a 
whirlwind. 

In Fig. 204 are given three different pictures of the same 
hydrogen line of a prominence which Lockyer observed 
near the middle of the sun on the ı2th of May, 1869, 
together with the dark F-line of the faint solar spectrum. 
In all these drawings the pointed bright line coinciding in 
direction with the dark F-line indicates that portion of the 


prominence or chromosphere which was at rest; these lines 
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Unequal Displacement of the Greenish-blue Hydrogen Line Hß. 


showed unequivocally that the greenish-blue light of the 
glowing hydrogen had undergone no change in its wave- 
length, and therefore that the gas was not in motion either 
towards or away from the earth. The bright lines diverging 
from these normal lines to the right or towards the violet 
indicate those portions of the prominences that were in 
motion towards the earth with very varying velocities. The 
greenish-blue line of hydrogen, for instance, manifestly 
underwent a very unequal displacement in the spectro- 
scope; the lower portions, Iying close to the dark F-line, 
showed a smaller displacement and therefore a smaller 
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change (shortening) of the wave-length than did the upper 
portions—an indication that the incandescent hydrogen was 
moving towards the eye of the observer with a velocity 
greater in the higher and less dense regions of the solar 
atmosphere than in the lower strata. 

Lockyer found that the greatest displacement of the 
bright F-line corresponded to a velocity in the stream of gas 
of at least 147 miles a second towards the earth. 

These spectroscopic observations receive an additional 
interest when taken in connection with those made with the 
telescope. On the 2Ist of April, 1869, Lockyer observed 
a spot in the neighbourhood of the sun’s limb. At 77h. 30m. 
a prominence showing great activity appeared in the field of 
view. The lines of hydrogen were remarkably brilliant, and 
as the spectrum of the spot was visible in the same field, it 
could be seen that the prominence was advancing towards 
the spot. The violence of the eruption was so great as to 
carry up a quantity of metallic vapours out of the photosphere 
in a manner not previously observed. High up in the flame 
of hydrogen floated a cloud of magnesium vapour. At 8h. 
3om. the eruption was over; but an hour later another 
eruption began, and the new prominence displayed a motion 
of extreme rapidity. Whilst this was taking place, the 
hydrogen lines at the side of the spot nearest to the earth 
were suddenly changed into bright lines, and expanded so 
remarkably as to give evidence of a cyclonic storm. 

The sun was photographed at Kew on the same day at 
to, 55 m.; the picture showed that great disturbances 
had taken place in the photosphere in the neighbourhood of 
the spot observed by Lockyer. In a second photograph, 
taken at 4 h. I m., the sun’s limb appeared torn away at the 
place where the spectroscope had revealed a rotatory storm. 

An instance of the remarkable contortions to which the 
hydrogen line Hß of a prominence is subject may be quoted 
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from the observations of Vogel and Lohse, at Bothkamp. 
‘On the 5th of March, 1871, a large prominence was observed 
in which rapid changes were taking place; the bright line 
was so extremely crooked that it presented the appearance 
‚of being twisted round the dark line F of the solar spectrum. 
The deviations on either side of this line amounted to 0'23 
millionths of a millimetre wave-length, which represents 
‚a velocity in the gas equal to about twenty miles. 


79. THE SPECTROSCOPE AS A MEANS OF PROVING THE 
Sun’s ROTATION. 


It occurred to both Secchi and Zöllner that from the 
'unequal displacement of the F or the C-line when observed 
at the two opposite points of the sun’s equator, the velocity of 
solar rotation might be ascertained. As a point on the 
surface of the sun turned towards the earth moves in the 
direction from east to west, so a point on the sun’s eastern 
limb must be approaching an observer stationed on the earth, 
while a point on the western limb must be receding from 
him. The points upon the sun’s equator would have the 
greatest velocity, amounting to as much as I'2 miles in 
asecond. Ifa spectrum line, as, for instance, the C-line, be 
‘observed on the eastern limb of the sun which is approaching 
the observer, it will, in comparison with its position when 
viewed at the pole of the sun’s axis, or even in the centre of 
the sun, appear to be displaced towards the wolet; while, on 
the contrary, the same line observed on the western limb 
‘of the sun where it is receding from the earth would be 
seen to suffer a Jdisplacement towards the red. Secchi has 
‚observed similar displacements in the red Ha-line of the 
‚chromosphere when compared with the constant dark C-line 
in the spectrum of the atmosphere visible at the same time. 
This bright line when viewed on the advancıng limb in the 
sun’s equator was seen pushed towards the violet, leaving 
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behind it a narrow strip of the dark C-line visible on the side 
nearest the red ; when examined on the receding limb, the 
line was pushed towards the red, leaving behind it a narrow 
strip of the C-line visible on the side nearest the violet. 

For these extremely delicate observations Zöllner employed 
a reversion-spectroscope of his own contrivance, the construc- 
tion of which is as follows :—The line of light formed by a 
slitor by a cylindrical lens is brought into the focus of a 
lens which acts as a collimator, rendering all the rays parallel. 
The rays next pass through the direct-vision Amici system 
of prisms, so arranged that the refracting edges shall be 
horizontal and turned in opposite directions. The rays are 
thus separated into two pencils, and the spectra formed in 
opposite directions. The object-glass of the telescope, by 
which the rays are reunited to form one image, is divided in 
the middle in a direction perpendicular to the refracting edges. 
of the prisms, and each portion mounted micrometrically, so 
as to move in a direction either parallel or perpendicular to. 
the line of separation. By this means the lines in the one 
spectrum may be brought into coincidence one by one with 
those of the other, or the two spectra may be brought into 
close contact, so that one may serve as a vernier to the other, 
or else one may be made to overlap the other. By this 
arrangement in the case of any displacement in the lines of 
the spectrum, this displacement is doubled as the deviation in 
each spectrum is in an opposite direction. 

With this instrument Zöllner was able to measure the 
distance between the D-lines with a probable error of only 
53, of this quantity. 

While employing this reversion-spectroscope in June, 
1871, Vogel detected upon several occasions an undoubted 
displacement of the F-line, and of a neighbouring fine line, 
the cause of which was traceable to the sun’s rotation. The 
fact of rotation was proved by this observation, but measures. 
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of greater delicacy would be necessary to determine the 
speed of motion. 

Langley has devised an apparatus for bringing into com- 
parison the spectra from opposite portions of the solar 
surface ; this he accomplished by a reflecting prism, by which 
the light from the opposite limbs was brought to meet at the 
centre of the slit. 

In 1876 Young employed a diffraction grating in con- 
junction with a prism, making use of the latter to separate 
the overlapping spectra of a higher order. By this means 
great dispersive power was obtained, and the displacement 
of the lines was very apparent. The Rutherfurd diffraction 
grating (p. 125), contained 8640 lines to the inch, and the 
prism was placed between the grating and the object-glass 
of the observing telescope. The instrument was attached 
in the manner of an ordinary spectroscope to a 9%-inch 
refracttor by Clark. The observing telescope and colli- 
mator were permanently fixed, and the spectra of the various 
orders were brought into the field of view by revolving the 
grating round the plane of dispersion. The lines selected 
for measurement were the D-lınes, a nickel line, and the 
lines 1463, 1467, and 1474 of Kirchhoff. The slit was first 
placed in a direction running north and south, so that when 
placed tangentially to the eastern limb a right ascension 
motion brought the western limb into the field of view. The 
observations gave a speed of rotation slightly exceeding 
that obtained by direct observation. A similar result was 
obtained by Vogel. Young is of opinion that this is due 
to a physical cause, and that the solar atmosphere 
possibly moves forward over the solar surface.* The facts 

* [In 1876 Abney was able to show solar rotation, by photograph- 
ing the spectrum of the H and K-lines with a Rutherfurd grating 
of 17,200 lines to the inch. The method adopted was to form two 


images of the sun touching one another, the beam being reflected 
from a siderostat, and the images thrown on the slit of the colli- 
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are, however, by no means fully established, and it is,. 
therefore, needless at present to suggest any explanations. 


80. THE ABsoRPTIVE ACTION OF THE SOLAR ATMOSPHERE 
UPON Rays OF VARIOUS REFRANGIBILITY. 


The existence of a solar atmosphere and its absorptive 
influence upon the emergent solar rays has long been 
demonstrated through the labours of various astronomers,. 
among whom Secchi holds a prominent place. As a sequence- 
to these investigations, Professor H. C. Vogel has directed 
his attention to the effect produced upon the individual 
rays, for which purpose he has adapted and reconstructed 
Glan’s Spectrum Photometer (see p. 204, etc.). The in- 
strument was attached to the g-inch refractor of the 
Berlin Observatory, and so placed that the slit came precisely 
into the focus of the object-glass. As the telescope was 
carried forward by clockwork a slight movement in declina- 
tion would bring any part of the solar image upon the slit.. 
In choosing a standard of comparison, a difficulty presented. 
itself in finding any artificial light that could compare in 
brilliancy with the intensity of some portions of the solar 
image. 

The idea eventually presented itself to Vogel to employ 
the sun itself for this purpose. A mirror mounted on a 
swivel was attached to the instrument by a brass rod about 
sixteen inches in length, so that the mirror should be out of 
reach of the shadow of the telescope, and from this mirror 
the sun’s light was directed on to the comparison prism. 

With this instrument Vogel has determined the amount of 


mator by means ofa divided lens. Spectra of great dispersion were- 
thus obtained of opposite limbs of the sun on the same plate and in 
juxta position one to another. The pictures thus obtained showed 
a shift of lines in one direction in the morning, none at midday, but 
a shift in the opposite direction near sunset. ] 
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absorption taking place in the solar light according to its 
various wave-lengths, as observed along a line from the 
centre to the edge of the sun. From the individual obser- 
vations curves were then drawn representing as nearly as 
possible the results obtained, and in this way a graphic 
record was made of the diminution of light noticeable from 
the centre to the edge of the sun. The accuracy of these 
observations is not so great as if they were made from an 
artificial source of light, the cause of which is explained by 
Vogel to lie partly in some amount of disturbance in our 
atmosphere too slight to be noticed in ordinary observations, 
but which is very evident in delicate photometric measure- 
ments, and partly from unsteadiness in the air, which may 
seriously affect the accuracy of observations made in the 
neighbourhood of the sun’s limb, where the intensity varies 
so rapidly. 

In the following tables, prepared by Vogel, in which 
the results are given in hundredths of the .sun’s radius, 
it will be readily noticed how greatly the absorption varies 
in the different parts of the spectrum, and from these 
observations it is undoubtedly evident that the absorptive 
action of the solar atmosphere is strongest upon rays of 
greatest refrangibility or shortest wave-length. 

Under the supposition that the diminution of light from 
the centre to the edge of the sun is caused by an absorbing 
gaseous atmosphere around the sun, Vogel has further 
sought to express the observations in a mathematical form. 
Laplace had already led the way by calculating from Bon- 
guer’s observations the amount of absorption exerted by the 
solar atmosphere, as well as by estimating the brilliancy the 
sun would have if without an atmosphere. 

If it be assumed, which is nearly correct, that the sun 
without an atmosphere would appear as a disc equally illu- 
minated in every part, the formula given by Laplace takes 
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a very simple form, and offers a very close agreement with 
Vogel’s observations. 

The curve calculated for yellow agrees completely with 
the curves of observation, but for green, blue, and violet the 
calculated are more rapid than the observed curves, while 
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in the red the calculated is flatter than the observed curve. 
“] believe,” remarks Vogel, “that this discrepancy must 
not be regarded as a chance, but may be viewed as a 
reality, the simplest explanation of which would be the 
hypothesis that the intensity of the light emanating from the 
sun’s surface depends not merely upon the angle of departure, 
but also upon the wave-length, and that the sun without an 
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atmosphere, as far as regards the most refrangible rays, 
would appear as a disc brighter in the centre than at the 
edges, and with regard to the rays of least refrangibility, 
would appear somewhat brighter at the edge than at the 
centre. With this assumption the curves of observation and 
calculation are brought into closer agreement. Similar 
observations might possibly be made experimentally upon an 
incandescent metallic globe if the method of observation 
could only be sufficiently delicate.” 

By the use of Laplace’s formula the observations obtained 
by Vogel give the following results for the intensity of the 
various colours in the centre of the sun’s disc :— 


Violet. Dark Blue. Blue. Green. Yellow. Red. 


DAS. O5. ONE . sOsh7 . WO66...70794 


That is to say, that light emanating from the centre of the 
disc is reduced by absorption in the solar atmosphere to the 
above amount. In view of the enormous dimensions of the 
chromosphere, the absorption is very inconsiderable. A 
column of air 35 miles in height, at a temperature of zerö 
(C), and under a pressure of 30 inches, reduces the light 
passing through it by a fourth. The chromosphere assumed 
to be between 3 to 4 seconds in height, that is to say, from 
1,300 to 1,900 miles in depth, reduces the light on an 
average not more than half. 

“It would be interesting,” remarks Vogel, “to enter into 
the question how bright the sun would appear to us without 
an atmosphere. The result might be obtained from the 
mathematical data deduced from the observations, but a 
simpler method is to divide the solar disc into concentric 
zones, and to multiply the area of the zones by the loss of 
intensity given by the observations, and to add together the 
results. 

“A calculation of this description, in which the width of 


“ 
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the zones was taken at 0'05—Solar Radius = I—gives 217 
for violet, and 2°65 for red. Under the former assumption 
that the sun without an atmosphere would be equally bright 
at all points, Vogel finds the intensity of violet 6°45, and of 
red 3'96. If the sun were without an atmosphere, therefore 
the violet rays would show an increase of brilliancey of 








6' 
54 = 3'0I times, and the red rays of 
217 
BO 0 
265 1'49 times. 


Professor Vogel also points out the importance of carrying 
out a series of observations upon the absorptive influence of 
the sun’s atmosphere during the period when the spots are 
at a minimum, and to repeat the observations when the spots 
are at a maximum, as it is very probable that the total 
absorption differs from the results at present obtained, since 
the temperature of the solar atmosphere must doubtless be 
sensibly raised by the enormous outburst of incandescent 
hydrogen gas, and its absorptive energy thereby affected. 
He further suggests that under especially favourable atmo- 
spheric circumstances it would be advantageous to direct 
extreme attention upon one colour, extending the observations 
over a greater number of points in the solar radius, in order 
to discover whether slight differences exist between individual 
zones in the northern and southern hemispheres, as appears 
to be suggested by the observations hitherto instituted. It 
is needless to point out that the spectrum photometer affords 
an accurate means of determining the various degrees of 
brightness presented by the spots, the penumbra, and the 
solar surface. 
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81. STELLAR SPECTROSCOPES. 


THE investigation of the spectra of the planets and stars 
commenced by Fraunhofer has since been carried on by 
Lamont, Donati, Brewster, Stokes, Gladstone, and others; 
but their labours were restricted to observing the position of 
the dark lines present in these spectra, as well as their 
relation to the Fraunhofer lines of the solar spectrum, with- 
out discovering their real character or connection with the 
material constitution of the heavenly bodies. It was not till 
Kirchhoff’s discovery of the theory of the Fraunhofer lines 
(1859) that the sun, the planets, the stars, the nebulae, 
clusters, comets, and even meteors, were subjected to 
analysis by means of their spectra. 

The extreme faintness of the light derived from stars, 
nebulae, and comets renders the spectroscopic investigation o 
these heavenly bodies a task of extreme difficulty, and it is 
not easy to over-estimate the labours of those observers who 
have devoted themselves to this branch of science. 

It is obvious that the spectroscopes constructed in the 
manner most suitable for the analysis of terrestrial sub- 
stances are not adapted for the investigation of stellar light. 
Whenever the distances of the lines in the stellar spectra have 
to be measured, or their position compared with the spectrum 
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lines of any terrestrial substance, the instrument must be 
attached to an equatorially mounted telescope, turning at the 
same speed as the earth, but in a contrary direction, so as to 
keep any star upon which the instrument has once been 
directed stationary in the centre of the field of view during 
the whole time of observation. The motion of such an in- 
strument is generally accomplished by clockwork. 

The image of a star in a telescope is, as is well known, 
a point *; now the spectrum of a point is a line without any 
sensible breadth, and therefore not suitable for observation. 
In order to obtain a spectrum of sufficient breadth from a 
luminous point, the point must either first be converted into 
a short line of light, by the use of a cylindrical lens, and 
then a spectrum be formed, or a linear spectrum must first 
be formed, and then a cylindrical lens employed for increas- 
ing its breadth.r 

It is evident, on account of the faintness ofthe object, that 
the dispersive power of the spectroscope must under ordinary 
circumstances be limited, and the instrument restricted to 
only a few prisms. 

A suitable contrivance in immediate connection with the 
spectroscope is also advisable, whereby terrestrial sub- 
stances may be converted into luminous vapour by any 
of the usual methods, and their light sent into the spectro- 
scope through a comparison prism, covering one-half of the 
slit, so that the spectra may be compared with the spectrum 
of a star. 

The first stellar spectroscope was made by Fraunhofer in 
1823. In order to observe the spectra of the stars, and 
at the same time to determine the refrangibility of their light, 
he attached to a telescope of 4% inches aperture a flint-glass 


* [Or rather a disc of very small diameter varying with the 
aperture of the object-glass used. ] 
t [The first method is the better. ] 
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prism with a refracting angle of about 37° of the same 
diameter as the object-glass.. The angle formed by the 
incident with the emergent ray was about 26. This prism 
was placed in front of the object-glass of the telescope, so 
that the latter served as the observing telescope to the spec- 
trum. This plan was abandoned by later observers, who, 


following the example of Lamont (1838), allowed the light of 



































































































































Meırz’s Object-glass Spectroscope. 


the star to pass unchanged through the object-glass of the 
telescope, and analysed the image from the eye-piece. 

Secchi and Respighi have lately reverted to Fraunhofer’s 
method, and have furnished their large refractors with ‘an 
object-glass spectroscope constructed by the celebrated optician 
Merz, of Munich. 

In Fig. 205 the apparatus is represented ready for attach- 
ment to the object-glass :of a refractor; Fig. 206 shows 


the mounting for the prism, and Fig. 207 the prism when 
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removed from its bed. The prism P is mounted in a 
ring turning on a horizontal axis, which by means of the 
lateral pins a, a, being inserted between the screws d, b,, may 
be fitted into a second ring. This outer ring is made to travel 
round the case by which the whole apparatus is placed in 
connection with the mounting of the object-glass, so as to 


allow the prism being placed in any position or inclined in 


FıGc. 206. 









































































































































Merz's Object-glass Spectroscope. 


any direction with respect to the object-glass or the axis of 
the telescope. Since the rays falling on the object-glass are 
diverted by the prism, the axis of the telescope cannot be 
pointed direct to the star that is to be observed. In order, 
therefore, to facilitate the finding of a star, the cell carrying 
the prism is constructed with an opening at c, through which 
the star may be viewed direct; on the side of the cell oppo- 


site this aperture is attached an achromatic system of 
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pıfsms p of equal refracting power with the prism P, by means 
of which the diffieulty of finding a star is much reduced. 
The prism has a refracting angle of 12°; it is composed of 
the purest colourless flint glass, so that the loss of light is 
inappreciable. Its aperture measures six Paris inches ; and 
the mounting is provided, as shown in the drawings, with 
every necessary contrivance for adjustment. 

Although this prism considerably reduces the effective 
aperture of the refractor, yet the amount of light obtained 
far exceeds that given by the full aperture of nine inches. 
When a direct-vision spectroscope is applied to the refractor 


FiG. 207. 


















































Merz’s Object-glass Prism. 


in the place of the eye-piece, the dispersion is, according to 
Secchi, at least six times as great as the most powerful 
apparatus applied at the eye-piece tube.* 

Merz has adapted the object-glass prism for direct- 
vision observation by constructing it of a combination of 
crown and flint-glass prisms corrected for refraction. The 
slight loss of light occasioned by such a combination is 
unavoidable. In an instrument of this kind made for the 
observatory of Rüngsdorf, the refracting angle of the crown- 

* [This statement needs confirmation. There may have been 


great loss of light in the direct-vision spectroscopes with which it 
was compared. ] 


26 
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glass prism is 36°, and that of the flint-glass prism 25° ; the 
mean index of refraction for the crown-glass is 1'5283, for 
the flint-glass 1°7610. 

When an eye-piece spectroscope is employed, either of 
the methods above described for spreading out the point of 


FıG. 208. 


























































































































































































































































































































Huggins’ Stellar Spectroscope (Perspective View). 


light by the use of a cylindrical lens may be adopted, and 
it is in most cases a matter of indifference whether this lens 
be placed in front or behind the slit and prisms.* 

The stellar spectroscope with which Huggins made his 


* [Dr. Huggins says that this statement is not quite correct, The 
cylindrical lens should be placed before the slit.] 
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first observations is represented in Figs. 208, 209, and 210. 
The outer tube TT of the eye-piece is the only portion of 
the equatorial telescope given in the drawings; all the other 
parts are omitted. The spectroscope is attached to the eye- 
end TT of the telescope, a refractor, the whole being 


carried forward by clockwork. 


FıG. 209, 













































































Huggins’ Stellar Spectroscope: (Horizontal Section). 


Within the tube T T of the equatorial there slides a second 
tube B, which carries a plano-convex cylindrical lens A of 
I-inch aperture and 14 inches focal length ; this lens is so 
placed in the path of the converging rays as they emerge 
from the object-glass that the axis of the cylindrical surface 
is perpendicular to the slit D of the spectroscope, and by its 
means a sufficiently broad spectrum of the line of light is 
formed, the slit D being placed exactly in the focus of the 
object-glass of the telescope. Behind the slit is the collimating 










Ars 
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lens g, by which the rays are rendered parallel before entering 
the prism ; the lens is achromatic, and has a focus of 4'7 
inches, and an aperture of half-an-inch. By this arrange- 
ment the lens g receives all the light which diverges from the 
linear image of the star when this has been brought precisely 
between the two edges of the slit. The parallel rays 
emerging from the lens g pass through two dense flint-glass 
prisms h, h,, with a refracting angle of 60, by which a 
spectrum is formed, examined by means of the small achro- 


matic telescope 5. In order to measure the distances 

















































































































Huggins’ Stellar Spectroscope (Partial Vertical Section). 


between the lines of the spectrum, the telescope can be 
turned upon a pivot by means of a fine micrometer screw q y. 

The object-glass of this observing telescope has an aperture 
of o'8 inch, and a focal length of 6'75 inches ; the eye-piece 
usually employed has a magnifying power of 5'7 times; the 
micrometer screw is so contrived that it is possible to measure 
with accuracy an interval of „455 Of the distance between 
the lines A and H of the solar spectrum., 

The light of the terrestrial elements, the spectra of which 
are required for comparison with the spectrum of a star, is 
brought into the spectroscope in the following manner, 

One half of the slit D is covered with a small prism e, 
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opposite to which is a mirror F (Fig. 210), so fastened to 
the spectroscope by the arm R as to be easily adjusted. 
The substance to be converted into luminous vapour by the 
induction spark is held in the right position by metal forceps 
fixed into ebonite. The light emitted is received by the 
mirror F, whence it is reflected through a side opening in 
the tube T T into the telescope, and on to the little prism e. 
While the light of the star passes through one half of the 
slit, the light from the glowing terrestrial substance passes 
through the other half, and in this way there are formed in the 
telescope $ two spectra in juxtaposition, so that the coinci- 
dence or non-coincidence of the dark lines of the star with 
the bright lines of the terrestrial substance may be observed 
with accuracy. 

In his researches on stellar spectra, Secchi employed by 
preference a simple direct-vision spectroscope, as a more 
complicated apparatus when attached to an equatorial is 
liable to destroy the equilibrium of the instrument, and 
interfere with the regularity of the clock motion. 

In order to see the finer dark lines of the spectra, and to 
compare them with the lines of terrestrial substances, instru- 
ments composed of single and compound prisms have been 
constructed both by Huggins and Secchi, suitable for applica- 
tion to powerful telescopes which admit of a great dispersion 
of the light. 

A sketch of Secchi’s compound spectroscope without the 
equatorial is given in Fig. 2II. By means of the screw 
O O! the instrument is attached to the eye-piece tube of the 
refractor ; at Kis a cylindrical lens by which the image of a 
star appearing as a point is extended into a fine line of light, 
and brought precisely within the opening of the slit. F is 
the slit, half of which is covered with the comparison prism 
p, B the collimating lens for bringing the rays on to the first 
prism C iin a parallel direction. Both prisms C and D are of 
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dense flint glass, with a refracting angle of 60°, and are 
fastened on to the plate XYZ. They throw the spectrum of 
the star into the axis of the direct-vision spectroscope 


EFHO, which contains the compound prısm E F, con- 






































Secchi’s Large Telespectroscope. 


sisting of five prisms, the observing telescope HO, and 
the lateral tube K with a graduated scale. This scale is 
moved by the micrometer screw M, and when the instrument 
is in use is illuminated in the usual manner by a lamp flame; 
the image of the scale is reflected by the last prism into the 


telescope O, and appears in the same field of view with the 
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spectrum of the star. N is a holder for receiving a Geissler 
tube. 

Huggins’ large compound telespectroscope is shown in 
Fig. 212; it consists of /wo direct-vision systems of prisms, 
each system composed of five prisms, with a train of three 
excellent single prisms, two of which, f and g, possess a 
refracting angle of 60°, and one, Ah, of 45°, making thirteen 


EIG, 212: 




























































































Huggins’ Large Telespectroscope. 


prisms in all. The spectroscope is screwed into the eye-tube 
T T of an equatorial, driven by clockwork : a is the slit 
provided with a comparison prism, and an arrangement for 
obtaining the spectrum of a terrestrial substance ; db is the 
achromatic collimating lens of 4°5 inches focus for rendering 
parallel the rays entering the slit. The light is first decom- 
posed by the set of prisms d, then further dispersed by the 
train of prisms /, g, and /, after which it again passes through 
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a second direct-vision system of prisms e, to reach the 
object-glass of the observing telescope c. The last set of 
prisms e is placed in a tube attached to the telescope c, 
which by a micrometer screw can be directed to any part 
of the spectrum. 

The compound prism e can be employed or dispensed with 
at pleasure, so that the dispersive power of the instrument 
may be made to vary within the limits of from 43 to 
6% prisms of 60°. The advantage of being thus able to 
reduce the dispersive power of the instrument is very great 


Fı6. 213. 























Schröder’s Spectrum Apparatus attached to the Bothecamp Refractor. 


when observing faint objects, or when the atmospheric 
conditions are unfavourable. 

The excellence of the instrument is shown by the purity 
and definition of the spectrum, even with high powers, when 
metals are volatilized in the electric spark. 

The stellar specetroscope constructed by Schröder for the 
Bothcamp Observatory, and employed by Vogel and Lohse 
in their valuable series of observations, is represented in 
Fig. 213. The lower end of the telescope A is closed by the 
iron plate B, in which is a circular opening about 3 inches in 
diameter. Upon this plate the spectrum apparatus is attached 
by the four screws I, 2, 3, 4. The four supports a are 
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secured not only to the cylindrical cap 5, but also to the 
disc c, by which arrangement great stability is insured to the 
apparatus. The tube dis introduced through the disc c into 
the cylinder 5, and carries an index e, travelling upon the 
divided circle c. The revolution of the tube d can be 
accurately read to within 4 of a degree upon the divided 
circle, the diameter of which is about 5% inches. At one 
end of the tube d is the slit / the steel plates of which are 
adjusted by a micrometer screw. The tube g is for the 
reception of the cylindrical lens. At the other end of the 
tube d is screwed the plate A, carrying two metal cubes (only 
one of them is shown in the figure), in which is fixed the 
axis of the plate /, and the telescope m. Into one end 
of the plate / the micrometer screw % works, by which 
the plate / can be moved to or from the plate h. To obtain 
this motion the rounded end of the micrometer screw is 
firmly pressed against a piece of polished steel in the plate A 
by a strong spiral spring coiled round the pin z. The 
complete revolutions of the screw are registered on the 
divided arc z, while parts of a revolution are registered 
on the screw head by the index 0. The tube «d con- 
tains the collimator lens of „, of an inch aperture, and 94 
inches focal length, as well as five direct-vision prisms $% of an 
inch high, with a refracting angle of 90. The object-glass 
of the telescope is of the same aperture and focal length as 
the collimator lens. The eye-pieces of ‚the telescope have 
a magnifying power of four and five times respectively, and 
together magnify nine times. In the tube g& there are two 
other cylindrical lenses, one convex and the other concave, 
which can be brought in front of the slit. "The performance 
of the instrument, as Professor Vogel has expressed himself, 
leaves nothing to be desired. The lines are exquisitely sharp, 
and with the highest power the faintest lines in Ängström’s 
map of the solar spectrum are visible. 
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In constructing the instrument Schröder has taken special 
care to make use of all the rays coming from the object- 
glass of the large telescope, and has adapted the size of the 
collimating lens of the spectroscope to the size of the cone 
of light issuing from the object-glass, a point often neglected 
in adapting the spectroscope to large instruments. 

For most purposes, however, especially when applied to 
small refractors, an instrument of simpler construction is 
preferable, such as the direct-vision spectroscope furnished by 
Merz of Munich for the observation of the solar prominences. 


When attached to the telescope it takes the place of the 


eye-piece, and when used for stellar work the cylindrical 








Merz’s Simple and Compound Spectroscope. 


lens L (Fig. 214) is inserted so as to project the linear 
image of the star into the slit s s. As there is no means of 
altering the distance between L and s, the exact adjustment 
of the line of light on to the slit is accomplished by screwing 
the whole instrument in or out. In observing star spectra, 
when the light is sufficient to allow it, the dispersive power 
may be doubled by the introduction of a second system of 
prisms, without losing the advantage of a direct-vision 
spectroscope. 

A simple stellar spectroscope is also constructed by Merz 
adapted specially to telescopes of small power. A drawing 
of this instrument is given in Fig. 215; it consists of a 


positive eye-piece O, an adjustable cylindrical lens L, and 
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a direct-vision system of five prisms, the dispersive power of 
which amounts to 8’ from D to H. Itis so contrived that 
the prisms, when separated from the lens L and the eye-piece 
OÖ, may be easily introduced between the collimator C and 
the system of prisms of the larger spectroscope (Fig. 214). 
The two instruments (Figs. 214 and 215) thus form a univer- 
sal eye-piece spectroscope admirably adapted to astronomical 
work. 

Even Browning’s miniature spectroscope (Fig. 216), mea- 
suring only 33 inches, shows a fine spectrum if directed on 
to a bright star, in which the prominent dark lines are distinctly 
visible. For stellar observations, the tube containing the 
slit is removed, and the collimator tube O screwed into the 
place of the eye-piece of the Be 
telescope. The spectroscope 
is easily so adjusted that the 


image of the star is brought 





into the focus of the lens C, 


Merz's Simple Spectroscope. 


whence the rays are thrown in 
a parallel direction on to the system of prisms P, and form 
at O a sharply defined linear spectrum of the star. To give 
this spectrum a sufficient breadth to allow the dark lines to 
be visible, it must be viewed through a cylindrical lens, 
whose axis shall be perpendicular to the refracting angle of 
the prisms. 

For faint stars L. Camphausen has advantageously em- 
ployed a stellar spectroscope, consisting of a spherical lens 
of short focus, a direct-vision system of small prisms, and a 
eylindrical lens which could be introduced or withdrawn at 
pleasure. From the telescopic image an image of a star is 
formed by the condensing lens in front of the prisms by 
their action, and is converted inte a linear spectrum, which 
may be sufficiently widened by the use of a cylindrical lens 
as to be observed without the aid of an eye-piece. Vogel 
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was so surprised and delighted with the efficiency of this 
instrument that he gave it a new form in which it might 
be used even for micrometric purposes. The prisms P 
(Fig. 217) are inserted in the tube B, at the lower end of 
which is the spherical lens d, while at the upper end is the 
eylindrical lens a. At the upper part of the tube B, opposite 
the terminal surface of the prisms, is inserted the tube C, at 
the further end of which is the spherical lens e of low power. 
Over € slides the tube D, which carries at Seither a slit or 
a scale photographed on glass. A is an outward tube, 
furnished with springs, within which B is made to slide. By 
the screw w it can be attached to the telescope in place of 
the eye-piece. 


EIG. 216. 
























































Browning’s Miniature Spectroscope. 


If the cylindrical lens a be removed and the eye placed at 
O, a spectrum of the image in the focus of the telescope may 
be obtained by adjustment ofthe tube B. Ifthe object be a 
star, the spectrum will be very minute. By use of the cylin- 
drical lens a a sufficient width of spectrum may be obtained 
either by placing the axis of the lens—the cylindrical, not 
the optical axis—perpendicular or parallel to the refracting 
edge of the prisms. If perpendicular, the outer tube B— 
starting from the position where the cylindrical lens was 
removed— must be withdrawn a little; if parallel, somewhat 
pushed in. The lines of the spectrum will then be distinctly 
visible. Experience shows that the best image is obtained 
when the cylindrical axis of the lens is placed parallel to the 


refracting edge of the prisms. For purely spectroscopic 


E* 
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purposes the position of the cylindrical lens is a matter of 
indifference, but if measures are to be taken, the parallel 
position is the only trustworthy one. Professor Vogel gives 
a rule to facilitate the correct placing of the cylindrical lens. 
Before the lens is applied the tube B must be pushed in 
until the spectrum is as concentrated and sharp as possible ; 


EıG. 217. 








the lens must then be introduced and 
turned round until no increase in the 
width of the line spectrum is percep- 
tible ; if now the tube B be pushed in, 
the spectrum will be seen gradually to 
widen and the line and bands to become 
visible. The distance to which the tube 
B must be moved, or in other words 
the vicinity of the lens 5 to the focal _ 
point, in order to obtain the sharpest L_ 
possible spectrum lines, depends naturally ee 
upon the focal length of the lenses 5 
and o, and also to some extent upon the eye of the observer. 
Without moving the telescope it is possible to estimate the 
distance between the individual bands by their difference in 
right ascension. The slit S, illuminated by a lamp placed in 
front of it, serves as a starting-point. In order to shade the 
eye from the light of this lamp a screen ss is attached to 
the tube D. The lens c is to contract the fieid of view so 
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as to secure definition and avoid extreme length in the lateral 
tube. When employed with instruments having clock 
motion, the slit is replaced by a transparent scale which, 
when illuminated, is visible in the same field of view with 
the stellar spectrum. 

A very efficient and convenient instrument is Zöllner’s 
eye-piece stellar spectroscope. Fig. 218 gives a sectional 
view of it. It consists of a small direct-vision system of 
prisms mounted in a tube C D, which slides in an outer tube 
A B, by which it can be attached to the eye-piece, and in 
which is a eylindrical lens of about 4 inches focal length. 
The lenses O, and O, are 
the two lenses of the eye- 


Fıc. 218. 


piece, and, therefore, do not 
belong strictly to the 
spectroscope. When the 
spectrum of a star is to 
be observed, the tube C D 
inclosing the prisms is re- 





moved, and the eye-piece 
Zöllner’ ee in Eye-piecce so adjusted that a sharp line 

zw of light is visible from O. 
It is important that the eye preserves the same distance from 
the lens I. as when the prisms are in use. The tube C D is 
then adjusted so that the refracting edge of the prisms is 
parallel to the line of light, and the greatest width thus given 
to the spectrum. The luminous power of this spectroscope 
is considerable, and, in conjunction with its compactness, 
renders it available for many purposes, but it is unsuitable 
for objects of large size or for micrometric observations, 
These inconveniences have been remedied by Vogel by a 
very simple contrivance. In the tube of an eye-piece of 
low power (Figs, 219 and 220) a ring m is introduced carry- 
ing a small bar, upon which rests the slit s and s!, the width 
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of which is regulated by the screw T. The position of the 
eye-piece in the outer tube can be so adjusted that the slit 
can be brought instantly into view. As it occupies but a 
small part of the field of view, it does not lessen the facility 
of finding the object, which may 
be then readily placed within 
the slit.e. In objects of great 
extent, such-as a comet or nebula, 
only a small portion is admitted, 
the shape of the slit, which may 
be analysed by the eye-piece 
spectroscope, from which the 


cylindrical lens has been re- 








moved. 
As it is important that the FEye-tube Spectroscope with 
Contrivance for Measuring. 
refracting edge of the prisms be 
kept parallel to the slit, it is convenient to be able to turn 
the spectroscope upon a lateral axis x when in searching 
for an object the slit has to be removed from the eye- 
piece. The correct position in front of the eye-piece is 
indicated by a projecting 
pin. 
When a second spectrum 





is needed the comparison 
prism is placed behind the 


aperture in the bar at o, and 





illuminated from a Geissler 
tube, attached to the outside 


of the instrument. The 


Section of Eye-tube Spectroscope. 


aperture o becomes the source of light, and forms a spec- 
trum in juxtaposition to the spectrum of the object to be 
observed. This instrument when applied to a 6-inch re- 
fractor yields spectra of remarkable brilliancy and admirable 


definition. 
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A small universal spectroscope, well adapted for the 


observation of fixed stars or comets, is shown in Fig, 221. 


E is a metal ring which screws into the eye-piece tube of a 


telescope. In connection with this ring is a second ring, 





A. 
"ie \ 3 





Section of Von Konkoly’s Universal 
Spectroscope. 






carrying the slit 
which is adjustable 
by a screw. The 
comparison prism is 
at 8, in front of 
which a Geissler’s 
tube g g can be held 
against the plate by 
the spring vr. Into 
the ring holding the 
slit is screwed the 
collimator tube A, 
into the other end 
of which the brass 
supports d are fast- 
ened. Within the 
collimator tube slides 
a second tube 5 b, 
containing the achro- 
matic collimator lens. 
By the handles a a, 
the tube can be ad- 
justed so as to bring 
the slit into the focal 
point. Upon the sup- 


ports d is screwed the brass plate B carrying the prism C. 


To this plate is attached by the four screws 7 »—of which 


two only are visible—the eye-piece diaphragm A, and by the 


serews 2 k the micrometer screw D. 


The prism rests upon a small table, the support of which 
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passes through the brass plate, and is held on the other 
side by a clamp fixing it in any position. On either side 
the clamp are two side screws, for obtaining the delicate 
motion requisite for placing the prism in the attitude 
of minimum deviation. Automatic motion is unnecessary, 
the dispersion being so small that the whole spectrum may 
be viewed at once. The instrument is without a telescope ; 
and in observing the fixed stars a cylindrical lens is 
introduced in the aperture of the diaphragm at A. 

The independent adjustment of the different parts of the 
instrument is secured in the following manner. Around the 
walls of the central case B, which is soldered to the body 
of the plate and attached to the cover by three projecting 
screws, revolves a tight-fitting tube working in a groove 
both in the plate and cover. From this tube at three 
different places three broad stripes are cut away, so as to 
leave only three entirely independent segments remaining. 
Upon these are respectively fastened the collimator tube 
A by its supports d, the small collimator tube with the 
micrometer D, and the eye-piece diaphragm 4. Each is 
attached to the cylinder B by four screws, but the screws 
iland % k are placed in elongated apertures so as to allow 
of a certain amount of motion. 

The position of the lines, as they become visible in the 
eye-piece Ah, can be read off on the divided circle /. The 
turning of this screw, effected by the knob sn, gives motion 
to a line of light inserted in a plate travelling in the hollow 
slide D. The line receives illumination from the mirror P, 
resting on the support z, and its image is formed on the 
surface of the prism opposite the eye-piece Ah, by the biconvex 
lens s (see p. 81, Fig. 45 d). A reflection from this image 
enters the eye of the observer at the same time as the 
spertrum viewed direct. 

The apparatus is also furnished with a second flint-glass 
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prism with a refracting angle of 69° when a higher power is 
needed. 

The efficiency of this instrument is further increased by 
the addition of a small Zöllner eye-piece spectroscope (Fig. 
222), which can be screwed on to the instrument in place 
of the eye-piece. The ring d can be unscrewed from A 
(Fig. 221) and substituted for the eye-piece, in which case a 
cylindrical lens is introduced at h in order to give additional 


breadth to a stellar spectrum. The line of light of the 


N micrometer is in no way distorted by 
the cylindrical lens ; the two ends are 
merely drawn to a point by which 


the definition is rather increased. 


the simple spectroscopes which are 
of wide adaptation. Huggins has 
long made use of a hand spectroscope 
for observing the spectra of meteors 
and other phenomena in rapid motion. 





These instruments consist princi- 
pally, as shown in Fig. 223, of a direct- 


vision system of prisms c, composed 





of one of dense flint glass and two 


Eye-tube Spectroscope. 


of crown glass, and an observing tele- 
scope ab. The achromatic object-glass a has an aperture of 
ı'2 inch, and a focus of about IO inches. The eye-piece d 
consists of two plano-convex lenses. As a large field of 
view is very important, especially when the instrument 
is employed as a meteor-spectroscope, the lens turned 
towards the object-glass a equals it in diameter, and is fixed 
in a movable tube, so that the distance between the two 
lenses of the eye-piece may be controlled, and the power of 
the instrument thus increased or diminished. The field of 


m 


view embraces a space in the heavens of about 7° in dia- 


We must not omit all mention of 
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meter; the spectrum of a bright star has an apparent length 
of 3°, and that of the great nebula of Orion appears as two 
bright lines with a faint continuous spectrum. 

For the purpose of testing the instrument as a meteor- 
spectroscope, Huggins observed the spectra of some 
fireworks at a distance of about three miles. The bright 
lines of the incandescent metals were distinctly seen, and 
revealed the presence of sodium, magnesium, strontium, 
copper, and some other metals. This instrument is able 
to show some of the Fraunhofer lines in the spectrum of 
the extreme points of the moon’s cusps, as also the dark 
lines in the stellar spectra. In order to give breadth to the 
linear spectrum of a star, a cylindrical lens is placed over the 




































































Browning’s Hand-spectroscope. 


eye-piece. As the instrument is without a slit, it can only 
be used on bright objects of small magnitude, or on objects 
at such a distance that they have only a small apparent size. 


82. SPECTRA OF THE MooN AND PLANFTS. 


Since the planets and their satellites do not emit any light 
of their own, but shine by the reflected light of the sun, 
their spectra are the same as the solar spectrum, and any 
differences that may be perceived can arise only from the 
changes the sunlight may undergo by reflection from the 
surfaces of these bodies, or by its passage through their 
atmospheres. 

The observations of Fraunhofer (1823), Brewster and 
Gladstone (1860), Huggins and Miller, as well as Janssen, 
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agree in establishing the complete accordance of the lunar 
Spectrum with that of the sun. In all the various portions of 
the moon’s disc brought under observation, no difference 
could be perceived in the dark lines of the spectrum either in 
respect of their number or relative intensity. From the 
absence of any special absorption lines, it would seem 
that there is little or no atmosphere in the moon. 

The spectrum of the moon during a total eclipse was 
observed at Greenwich on the 23rd of August, 1877. During 
totality, as the moon appeared of the usual deep copper 
colour, a strong absorption band was seen in the yellow, and 
both the red and the blue end of the spectrum were suddenly 
broken off, while the orange portion seemed faint. At first it 
appeared as if yellow and green made up the whole visible 
spectrum. The wave-length of the most refrangible end of 
the strong absorption band was, from the mean of nine 
measures, 5624 millionths of a millimetre. As totality 
drew to a close, the band became narrower, and as the 
light increased, it was reduced to a line. The band 
corresponds with the atmospherice band ö, observed by 
Brewster, and is doubtless due to dense strata of vapour in 
our atmosphere. The light by which an eclipsed moon is 
visible passes througha thick stratum of our atmosphere, and 
hence arises the deep copper colour. 

In the spectrum of the planets Mercury, Venus, Mars, 
Jupiter, etc., the Fraunhofer lines characteristic of sunlight 
are apparent ; while in the spectra of some there are in 
addition absorption lines indicating a vaporous atmosphere. 
By the process which he employed in his investigations on 
the stars, described later on, Huggins succeeded in photo- 
graphing the spectra of Venus, Mars, and Jupiter. In the 
best of these photographs the Fraunhofer lines can be 
distincetly seen from 5 to S in the ultra-violet, and the 


smallest deviation from the lines of the solar spectrum 
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would be immediately detected. Huggins, however, was 
unable to discover either any modification in the solar light 
or any additional absorption lines. 

Between the years 1871 and 1873, the spectrum of 
Mercury was repeatedly observed by Vogel and Lohse at the 
Bothcamp observatory. It was found always in perfect 
agreement with the solar spectrum with the exception of 
two bands, “which possibly were not entirely due to the 
absorption in our atmosphere, but might in part be caused 
by absorption of the solar rays in the gaseous envelope with 
which Mercury is surrounded.” Vogel himself remarks, 
however, that this question must remain undecided as long as 
the observations are of necessity made after the sun is set, 
and consequently when the planet is near the horizon. 

The spectrum of Venus has been examined by Secchi, 
Huggins, and Vogel. It does not differ essentially from the 
solar spectrum, yet, according to Vogel, some fine bands are 
present which correspond with the lines of our atmosphere, 
and may, therefore, be due to vapour. 

The spectrum of Mars has been studied by Secchi, 
Huggins, Rutherfurd, and Vogel, the observations of the 
latter being the most complete. In this spectrum also 
numerous lines of the solar spectrum are to be recognized. 
In the least refrangible parts some bands are present which 
do not belong to the solar spectrum, but which coincide with 
the absorption spectrum of our atmosphere. They are as 
follows :— 


Wave-lengths millionths 
of a millimetre. 


687'7 Middle of a broad dark band, sharply defined towards 
the violet (Telluric lines in the neighbourhood of B). 

655°5 Middle of a dark band (Telluric lines in the neighbour- 
hood of C). 

648°7 Middle of a tolerably dark band (Telluric lines). 

627'9 Middle of a band (Telluric group of lines, a Ängström, 
C* Brewster). 





tv 
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Wave-lengths millionths 


224.— Spectrum of. Jupiter, 


Fic. 





the most complete. 


the solar spectrum through the presence 


of a millimetre. 
594'8 Faint bands } Telluric system of 
592'0 Faint bands } lines near D. 
580°0 | Faint bands (Brewster’s Telluric 


570'0 group of lines d). 


From this Vogel makes the confident 
deduction that Mars possesses an atmo- 
sphere in constitution differing little from 
our own, but characterized by great 
moisture. The red colour noticeable in 
Mars seems to be due to a general 
absorption of the blue and violet rays 
in its atmosphere, since no distinct ab- 
sorption bands are to be observed in this 
portion of the spectrum. In the red 
portion between C and B some bands 
are suspected—for instance, a band at 
661 millionths of a millimetre of wave- 
length—which must belong to the ab- 
sorption spectrum of the atmosphere of 
Mars, but for want of light the positions 
could not be determined. 

Of the asteroids Vogel has yet ob- 
served but Vesta and Flora. Vesta 
shows but two bands, one of which 
seems to coincide with the atmespheric 
band 6. In the spectrum of Flora no 
lines are visible. 

The spectrum of Jupiter was first 
examined by Rutherfurd, and afterwards 
by Secchi, Huggins, and Le Sueur, but 
in this case also Vogel’s measures are 

This spectrum (Fig. 224) differs from 

of 


some bands 
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which occur chiefly in the least refrangible portion of the 
spectrum, among which the most striking is a dark band 
in the red, 617°85 millionths of a millimetre wave-length. 

The remaining bands not present in the solar spectrum 
are as follows :— 


"Wave-lengths millionths 
of a millimetre. 


656 Middle of a broad dark band (Telluric lines near C®). 

649°5 Middle of a broad dark band (Telluric lines). 

628 Faint band (Tellurice group of lines C® Brewster, a 
Ängström). 

5945 , Faint band (Telluric group of lines in the neigh- 

5920) bourhood of D). 

580 ,Pale band washed out towards the violet (Telluric 

570 j) band ö, Brewster). 

5248 Faint band (presence suspected in the absorption 
spectrum of our atmosphere). 


597 ! Pale band (Telluric lines). 
500 


While in the less refrangible portion of the spectra of the 
planets individual bands appear, there takes place a more 
uniform absorption, according to Vogel, in the blue and violet 
portions. “ From this it appears that the gaseous envelope 
with which Jupiter is surrounded exerts upon the solar rays 
which penetrate it a similar influence to that exerted by our 
atmosphere, whence we are justified in deducing the presence 
of vapour in the atmosphere of Jupiter. The excessively 
dark band in the red mentioned above is peculiar to the 
spectrum of this planet. The question must for the present 
remain undecided whether it is due to the existence of some 
substance absent in the constitution of our atmosphere, or 
whether it is due merely to a difference in the proportions of 
the component gases. It is even possible that such a change 
in the absorption spectrum might take place without any 
alteration in the proportions of the component gases, but 
merely from such change in temperature and pressure as 
‚Jupiter’'s condition must necessitate. 
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“ From observations hitherto made the spectra of the dark 
belts that traverse Jupiter seem chiefly characterized by the 
strong general absorption to be noticed in the blue and violet. 
No new absorption bands are visible, but an increase in 
breadth and strength is noticeable, which seems to show that 
the dark portions form the deepest strata. The solar light 
must have passed through a greater depth of atmosphere, 
and have been in consequence more seriously affected. 

“The red colour of the planets, and especially the red 
colour of the darkest parts of Jupiter, is to be explained by 
the general absorption exerted by their atmosphere upon the 
most refrangible rays.'” 

Vogel has also examined the spectrum of the fourth 
satellite of Jupiter. It was very faint, and the red was 
entirely wanting, as it reached only from D to half-way 
between F and G. Besides a dark band corresponding with 
F, there were two other dark portions to be noticed at 
wave-length 567 and 527 millionths of a millimetre. The 
latter band coincided with E. 

The results of the examination of Saturn’s spectrum have 
been reviewed by Vogel, and he has shown that the most 
prominent of the lines in the solar spectrum are to be 
recognized. ‘“ There are some bands not in coincidence with 
the solar spectrum, especially in the red and in the orange. 
These coincide with groups of lines in the absorption 
spectrum of our atmosphere, with the exception of a very 
intense band, the wave-length of which, taken from the 
mean of several observations during various evenings, 
is 618°2 millionths of a millimetre. The blue and violet 
rays in passing through the atmosphere of Saturn suffer 
a general absorption, which is especially manifest in the 
spectrum of the dark equatorial belt. The spectrum of 
Saturn, therefore, is entirely uniform with that of Jupiter.” 

It is otherwise with the spectrum of Saturn’s rings, in 
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which the characteristic band in the red is absent, or at least 
very faintly indicated, whence it may be concluded that if 
there is any gaseous envelope, it 
must be one of great rarity or little 
depth. 

The spectrum of Uranus, first 
investigated by Secchi, appears to 
be of a very remarkable character. 
It consists mainly of two broad 
black bands, one m (Fig. 225) in 
the greenish-blue, but not coinci- 
dent with the F-line, and the other » 
in the green .near the. line E A 
little beyond the band z the spec- 
trum disappears, and shows a blank 
space g , extending entirely over 
the yellow to the red, where there 
is again a faint reappearance of light. 

It is very remarkable that the 
spectrum of Uranus as observed 
by Huggins and Vogel is quite dif- 
ferent from that observed by Secchi. 
Huggins’ drawing of the spectrum 
of Uranus is given in Fig. 226. 
The lower narrow spectrum is that 
of the sun, the upper spectrum that 
of Uranus. For the sake of com- 
parison, the strongest absorption 
bands of the earth’s atmosphere are 


introduced into the solar spectrum 





—namely the band near D (more 
refrangible than D) and the group of lines occurring about 
the middle between C and D. The scale beneath the solar 


spectrum gives the wave-lengths in millionths of a millimetre. 
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In the spectrum of Uranus no gap occurs from near C in 
the red to G in the blue, but it is difficult in so faint 
a spectrum to distinguish the individual colours. Owing to 
the deficiency of light, the slit had to be too widely set for the 
recognition of the Fraunhofer lines, but the absorption bands 
due to the planet’s atmosphere were so marked that their 
position could be determined with tolerable facility, either by 
the micrometer or by comparison with a terrestrial substance 
—nitrogen (N), for instance. These consist principally of 


six broad bands, of which the least refrangible occurs in so 





Spectrum of Uranus as observed by Huggins. 


faint a portion of the spectrum that its position—indicated in 
the figure by a dotted line—can only be approximately 
estimated. Ihe positions of the five other bands were 
measured micrometrically during several successive nights. 
The strongest line corresponds with a wave-length of about 
544 millionths of a millimetre, while the band at 572 of the 
scale is quite as broad, though not quite so dark. The 
band nearest the refrangible end of the spectrum occurred at 
n 

by means ofa Geissler tube showed its coincidence with the 


line H£: 


‚or exceedingly near to F. A comparison with hydrogen 
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The positions given by the micrometer 
for three bands made it probable that 
they were identical with some bright 
lines in the air spectrum, but a com- 
parison with the spectrum of nitrogen 
showed that the absorption band, an- 
swering to a wave-length of 572 mil- 
lionths of a millimetre, is less refrangible 
than the contiguous double line of ni- 
trogen. The bands situated at 595 and 
618 of the scale were very nearly coin- 
cident with bright lines in the spectrum 
of air. 

The faintness of the spectrum of 
Uranus precludes great accuracy, but it 
appears as if the planetary bands were 
only slightly less refrangible than the air 
lines. 

A comparison between the spectrum of 
Uranus and that of carbonice acid gas 
shows that the absorption bands are not 
due to this gas, nor are they coincident 
with the D-line, nor with any of the 
principal lines in the air spectrum. 

Vogel thus condenses his results: 
“The spectrum of Uranus (Fig. 227) is 
too faint to permit of any Fraunhofer 
lines being perceived, yet the middle of 
one of the absorption bands (6) agrees, 
within the limits of error of measurement, 
with the line F. In the spectrum of 


Uranus there are five bands, the wave- 


lengths of which have been determined 


accuracy. 
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Spectrum of Uranus as observed by Vogel. 


tolerable 
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Millionths 
ofa 
Millimetre. 


8 618°0 Darkest place in a broad band ill-defined towards the 
red. 
596°o Middle of a faint band. 
y573'8 Darkest place in a broad band especially ill-defined 
towards the violet. 
a542'5 Middle ofthe darkest band in the spectrum. 
8486°ı Middle ofa band. 


“The darkest place in a band in the red was found 
to have a wave-length of 628 millionths of a millimetre, but 
owing to the extreme faintness of this portion of the 
spectrum, little reliance can be placed upon this result. 
The same remark applies to the bands at the other end of 
the spectrum, for the edges of which—towards the violet—the 
wave-lengths were found to be respectively 457 and 427 
millionths of a millimetre. Occasionally bands could be seen 
also in the central portion of the spectrum, the position of 
which could not be ascertained with any accuracy. 

“The bands observed in the spectrum of Uranus are 
undoubtedly caused by the absorption of the solar rays in 
the atmosphere by which the planet is surrounded. By what 
substances this absorption is effected cannot at present be 
determined. It is worthy of remark that one of the bands 
in the spectrum of Uranus-—- 618 wave-length — exactly 
coincides with a similar one both in the spectrum of Jupiter 
and Saturn.” 

The spectrum of Neptune, as observed by Secchi, shows 
great similarity to that of Uranus. Vogel gives the same 
testimony ; of the eight bands which he observed in the 
spectrum, the places of the three darkest were determined 
as follows :— 

Wave-length, 
565°7 mill. m-m. End of a broad dark band. 


5408 u 53 Middle of the darkest band. 
4858 „ Y Dark line, somewhat ill-defined. 
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83. SPECTRA OF THE FIXED STARS. 


THE first to examine the spectrum of a fixed star was 
Fraunhofer, who in his important treatise (1814 and 1815) 
upon the dark lines of the solar spectrum mentions that he 
had also observed dark lines in the spectrum of Sirius. 
Subsequently, in 1823, he published similar observations 
upon the stars Castor, Pollux, Procyon, Capella, and Betel- 


geux. After a lapse of forty years the subject was again 
taken up by Donati, in 1862, by whom the spectra of some 
additional stars were obtained. 

The first to study the spectra of the stars with in- 
struments of adequate power were Huggins, Miller, and 
Rutherfurd. By a series of measures they determined the 
position of a number of dark lines in various bright stars, 
and by comparing these lines with the lines of terrestrial 
substances obtained scientific data for a conclusion as to 
the presence of such elements in the star examined. In 
Fig. 228 a map of the spectrum lines is given of Aldebaran 
(a Tauri) and Betelgeux (a Orionis) constructed from the 
observations of Huggins and Miller. 

Under each spectrum are placed the bright lines of the 
metal with which it has been compared. These spectra of 
terrestrial substances appear in the spectroscope as bright 
lines on a dark background in the position shown in Fig. 
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228, and in juxtaposition with the spectrum of the star, so 
that it can be determined with the greatest precision whether 
the bright lines coincide or not with the dark lines of the 
star. 

The results of the comparison of the two stellar spectra 
given above (Fig. 228) with the terrestrial elements are given 
in the following table :—— 


TERRESTRIAL ELEMENTS COMPARED WITH ALDEBARAN. 


COINCIDENT. NOT COINCIDENT. 
Hydrogen with the lines C and F. Nitrogen 3 lines compared. 
Sodium with the double D-line. Cobalt 2 
. Magnesium with the triple lined. Tin N 
. Calcium with four lines. Lead 2 
. Iron with four lines and with E. Cadmium 3 
. Bismuth with four lines. Barium 2 
. Tellurium with four lines. Lithium ı 
. Antimony with three lines. 

; Mercury with four lines. 


”’ 


I, 
2. 
3 
4 
5 
6 
1: 
8 

gl 


TERRESTRIAL ELEMENTS COMPARED WITH BETELGEUX. 
COINCIDENT. NOT COINCIDENT. 

. Sodium with the double D-line. Hydrogen 2 lines compared. 
. Magnesium with the triple line d.  Nitrogen 
. Calcium with four lines. Tin 
. Iron with four lines and with E. Gold ? 
. Bismuth with four lines. Cadmium 
. Thallium ? Silver 

Mercury 

Barium 

Lithium 
The measurement and delineation of the spectrum lines 
of a fixed star is a very delicate and laborious work. A 
great advance in accuracy was therefore attained when it 
became possible to photograph the stellar spectra. In 1860 
Huggins and Miller succeeded in photographing the most 
‚refrangible part of the spectrum of Sirius, in which, however, 
no dark lines were visible. It was not until the year 1876 
that through the acquisition of an 18-inch reflector, supplied 


28 
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with admirable clock motion, Huggins was enabled to obtain 
the spectra of several bright stars in which the dark lines 
were distinctly visible. Upon the same plate was also 
photographed the solar spectrum, so that a direct comparison 
could be instituted between the two spectra. It is scarcely 
necessary to remark that in photographing stellar spectra 
good results can only be obtained when the air is remarkably 


clear and tranquil. 


84. IHE VARIOUS TyPEs OF FIXED STARS. 


While Hugeins and Miller were engaged in investigating 


about 100 of the spectra of the brightest stars, Rutherfurd 





Spectrum of Sirius. 


was also occupied in similar work, and to him we owe the 
classification of stellar spectra, for great as is the diversity 
they represent, they yet appeared to him to divide them- 
selves into three groups or types. In the meantime Secchi, 
favoured by the clearness of an Italian sky, had observed the 


spectra of more than 500 stars* during the year 1867, and 


* [The work of Secchi and that of Huggins and Miller are not 
comparable. The observations of Huggins and Miller consisted of 
the direct comparison in the spectroscope of the lines seen in the 
spectrum ofa star with the bright lines of terrestrial substances, an 
investigation which required many months’ work upon a single 
star, and was immensely more tedious and laborious than the micro- 
metric measures of the principal stellar lines to which Secchi’s work 


was mainly restricted. ] 
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subsequently added another hundred. Aided by this mass 
of material, he was able to separate the stellar spectra into 
four principal classes or Zydes under which all may be 
included. 

The first type is represented by the star a Lyrz& and the 
well-known brilliant star Sirius (Fig. 229). Most of the 
stars shining with a wäite light are included in this class, 
Vega, Altair, Regulus, Rigel, the stars of the Great Bear, 
with the exception of a Urs&, etc. These are usually con- 
sidered white stars, although they shine with a slight tinge of 
blue, and give a spectrum like that represented in Fig. 230, 
No. I. Itis composed of rays of all colours, and is some- 
times crossed by numerous fine lines, but always by four 
broad dark lines, one in the red, one in the greenish-blue, 
and two in the violet. All the four lines are due to hydro- 
gen, and are in exact coincidence with the four brightest 
lines (Ha, 8, y, 8) composing the spectrum of terrestrial 
hydrogen as produced by means of a Geissler’s tube. The 
spectra of the brightest stars of this class show also a faint 
dark line in the yellow, apparently coincident with the 
sodium line D, besides a number of still fainter lines in the 
green belonging to iron and magnesium. 

In the smaller stars the line C in the red is difficult of 
observation, on account of the faintness of the light, while 
the line occurring in the blue is often very broad. In con- 
formity with the blue tinge noticeable in these stars, the 
more refrangible parts of their spectra are relatively brighter 
than in other stars. 

The second type of stars, represented by the spectrum 
of Arcturus (a Bootis), is that to which our sun belongs. 
In this class most of the yellow stars are included, as, for 
instance, Capella, Pollux, Aldebaran, «a Urs®, Procyon, etc. 
The dark (Fraunhofer) lines are very strongly marked in 
the red and in the blue portions of their spectra, but are 
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almost absent in the yellow. Of this type the solar spectrum 
(Fig. 230, No. II.) is an example. 

The stars belonging to this class are difficult to observe. 
The dark lines in the spectra of Capella and Pollux are 
extremely fine, while those in Arcturus (Plate XIII.) and 
Aldebaran are much broader, and more easily recognized. 
Aldebaran may be regarded as holding an intermediate 
position between the second and the third type, while 
Procyon forms the connecting link between the stars of the 
first and second type. 

The dark lines in the spectrum of the second type 
coincide so exactly with the strongest of the Fraunhofer 
lines, that stars of this type may be used, as suggested by 
Secchi, as a standard of comparison in the investigation of 
other spectra, and as a correction for the instrument. This 
close conformity to the solar spectrum undoubtedly leads to 
the conclusion that these stars are composed of similar 
elements and possess a physical constitution in other 
respects analogous to that of our sun. Many of them appear 
to yield a continuous spectrum, but this arises from the 
lines being too fine to be always visible. They are generally 
seen in a good instrument when the air is clear and free 
from tremor. 

Of the Zhird type, which includes specially the stars 
shining with a red light, Secchi has given as an example the 
spectra of the stars « Orionis and a Herculis (Fig. 230, 
No. III... The spectra of such stars appear like a row of 
columns illuminated from the side, producing a stereoscopic 
effect; and when the bright bands are narrower than the 
dark ones, the spectrum has the appearance of a series of 
grooves. Red stars of even the eighth magnitude have been 
examined by Secchi, and their spectrum found to be similar, 
while from white stars of the same magnitude no detailed 
spectrum could be obtained. Huggins remarks that with 
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superior instrumental power, the grooved appearances dis- 
appear, and the spectra of these stars are seen to be crossed 
by numerous dark lines, arranged in successive groups. 

About thirty bright stars belong to this type, among 
which are 8 Pegasi, o (Mira) Ceti, Antares, etc. ; if stars of 
less magnitude be included, the number will amount to about 
a hundred. 

Secchi remarks as a peculiar characteristic of these stars 
that the darker lines of the spectrum separating the grooves 
occur in the same place in all the stars. 

Asa rule, the spectra of these stars resemble the spectrum 
of a solar spot, which has led Secchi to the conclusion that 
stars of the third type differ only from those of the second 
by the thickness of the envelope of vapour or atmosphere 
by which they are surrounded, as well as by the want of 
continuity in their photosphere ; it seems possible, therefore, 
that these stars have spots like our sun, but of propor- 
tionally much larger dimensions. 

The jfourth type, consisting of stars not exceeding the 
sixth magnitude, is principally characterized by a spectrum 
of three bright bands separated by dark spaces; the most 
brilliant band lies in the green, and is in general well marked 
and broad; the second, much fainter, and often scarcely 
visible, is in the blue ; while the third, in the yellow, extends 
as far as the red, where it separates into several divisions. 

All these bright bands have this peculiarity, that they 
are brightest on the side towards the violet, where the 
light terminates abruptly, while towards the red they fade 
gradually away. 

The spectra of this class are therefore in direct contrast to 
those of the third type, in which the columnar bands are not 
only twice as numerous, but the maximum brightness is 
turned towards the red, while the darker side is towards 
the violet. The extreme faintness of the stars of the fourth 
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type forbids the use of the slit, and thus precludes the 
examination of their spectra, in which, however, the resem- 
blance to the spectrum of carbon is very noticeable. 

A spectrum of the fourth type is given in Fig. 230, 
No. IV. (No. 152 of Schjellerup’s catalogue). Secchi has 
observed about thirty of this class, the most beautiful of 
which are Nos. 41, 78, 132, 152, and 273 of Schjellerup’s 
catalogue. (Great variety is noticeable in their spectra, some 
of them exhibiting intensely bright lines, as in the case of 


the red star in the Great Bear (No. 152 Schj., in Fig. 230, 





Spectrum of Red Star, No. 152, Schjellerup’s Catalogue, afteı Huggins, 


No. IV.), in which such two occur in the green and two in 
the greenish-blue. 

The description of the spectra of these stars does not 
accord with the appearance they present to Dr. Huggins, 
whose diagram of the spectrum of the same red star, No. 152 
of Schjellerup’s catalogue (Astronomische Nachrichten, No. 
1591, is given in Fig. 231). He compared the spectrum of 
the star, using a narrow slit, with the bright lines of sodium 
and carbon. The line marked D he found to be coincident 
with that of sodium. The less refrangible boundary of the 
first of the three principal bright bands in the spectrum of 
carbon is nearly coincident with the beginning of the first 


group of dark lines; the second of the carbon bands is less 
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refrangible than the second group in the star ; the third band 
of the carbon spectrum falls on the bright space between the 
second and third group of dark lines in the spectrum of the 
star. The absorption bands are therefore not due to carbon. 
There is a strong line about the position of C, but this part 
of the spectrum is too faint to permit of comparison or 
micrometric measurement. The comparative relative free- 
dom of the red part of the spectrum from dark lines is in 
accordance with the predominance of this colour in the 
star’s light. 

A remarkable exception to the four types above mentioned 
is formed by a few stars which present a direct spectrum of 
hydrogen, and may be classed, after Secchi’s example, under 
a fifth type. The most remarkable star of this class is y 
Cassiopei, in the spectrum of which, according to Huggins’ 
measurements, the bright lines Ha (red) and H£ (greenish- 
blue) are visible in the places of the dark lines C and F, 
besides a suspected bright line in the yellow, apparently 
eoincident with D,. Similar spectra have been observed 
in the variable star 8 Lyr&, and in n Argo, in the spectrum 
of which Le Sueur with the great Melbourne telescope 
saw the lines C, db, F, a yellow line near to D (D,?), and 
the most intense of the nitrogen lines as bright lines ; the 
same phenomena have also been observed in y Argo, as 
well as in temporary stars, of which more will be said 
hereafter. 

A systematic investigation of the stars by the spectroscope 
has also been undertaken by D’Arrest in Copenhagen, aided 
by a refractor of 104 inches aperture. Stars of the third 
type were discovered to abound in all parts of the heavens, 
and to present a striking uniformity in appearance. Among 
the bright stars of this class, D’Arrest was able, under very. 
favourable circumstances, to resolve the dark absorption 
bands into groups of separate lines. In all these groups 
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the lines gradually increased in depth and sharpness to- 
wards the violett end, and, under ordinary circumstances 
and with a small dispersive power, gave the impression of 
bands sharp at one side and indistincet at the other. Of 
the fourth type there are no stars in the northern hemi- 
sphere bright enough to justify the hope of their yielding a 
similar observation, but D’Arrest is of opinion that from 
analogy it may be presumed that in their case also the 
bands are composed of lines. 

One of the most interesting of the spectra is that of the 
red star of the eighth magnitude in R. A. ı2h. 17 m. 50. 
and DD, E 352° (18550); it deserves, as 'D’Arrest ex- 


presses it, “a special study on account of its characteristic 


.IEEEE EEE. : 





Spectrum of the Star B.D. + 22°, No. 4203, after Vogel. 


fragmentary character,” and is so bright that it could 
be examined in moonlight. It consists entirely of red 
and yellow rays ; in the green the light breaks off suddenly, 
and is described as a fragment of a stellar spectrum. We 
shall only further mention a star of the eighth magni- 
tude, B. D. (Bonner’s Catalogue) + 22°, No. 4203. In spite 
of the faintness of the star the spectrum is strikingly 
beautiful, traversed by a great number of distinctly marked 
bands, especially in the blue and the violet. In Fig. 232 the 
spectrum of this star is given, according to Vogel’s measures, 
in which the red is to the right. 

A spectrum of an entirely opposite character was found by 
Vogel in a star of the sixth magnitude, B. D. + 2°, No. 4703 
(Schjell. Catalogue, No. 273), a drawing of which is given 
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in Fig. 233, the three bands being diffused towards the 
violet and well defined towards the red. 
The spectrum of the star Lalande 35611, bearing the 


No. 126 in Schmidt’s catalogue of reddish-yellow stars (Ast. 


ei 108 


Spectrum of the Star B.D. + 2°, No. 4703, after Vogel. 





Nach., No. 1902), where it is described as “fiery red,” was 


discovered by Vogel (Fig. 234) to be of a fragmentary 


character. The blue and the violet scarcely appear, and the 


“ 
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Spectrum ot the Star Lalande, 35611, after Vogel. 


green and yellow are much abridged by the occurrence of 
broad absorption bands, defined only on the side towards 
the red ; in the red also a faint, ill-defined band is to be 
noticed. 


EB: 


Spectrum of the Star B.D. + 8°, No. 4997, after Vogel. 





Another beautiful spectrum, shown in Fig. 235, is that of 
a star 52 magnitude, B. D. + 8°, No. 4997 (Schje 1. Catalogue, 
No. 266); it is traversed in the green and yellow with 


delicate bands, and has a strikingly dark band in the red. 


Tr 
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A very splendid spectrum (Fig. 236) was discovered by 
Vogel in the star B. D. + 7°, No. 4981, of the 5'3 magnitude. 
The relative intensities have been reproduced with great 
accuracy. The measures show a near agreement with the 
bands in the spectrum of a Herculis. 

The classification of the stars to which Professor Vogel has 
been led by the digest of his voluminous observations difters 
slightly from that of Secchi. His division consists of three 
classes, the third including Secchi's third and fourth types. 

Class I. —Including all spectra in which the metallic lines 
are but faintly visible, or wholly absent, and the most 
refrangible portion of the spectrum, the blue and the violet, 
especially brilliant. 

(a) Spectra in which, in addition to the faint metallic 


II 


N) 





Spectrum of the’Star B.D. + 7°, No. 4981, after Vogel. 


lines, lines of hydrogen are also visible, and remarkable for 
their breadth and intensity. To this class belong most of 
the white stars, Sirius, Vega, etc. 

(5) Spectra in which individual metallic lines are only 
faintly visible, or are entirely absent, and the lines of hydro- 
gen are wanting, such as ß, Y, 6, e, Orionis. 

(ce) Spectra in which the lines of hydrogen and the line 
D, are distinctly visible. Of this class the only representa- 
tives yet discovered are 8 Lyra and y Cassiopeiae. 

Class II. — Spectra in which the metallic lines are 
prominently visible, while the more refrangible portion of 
the spectrum is faint compared with the former class, and 
in the less refrangible portion of the spectrum faint bands 


are sometimes visible. 
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(a) Spectra in which the metallic lines are very numerous 
and are of sufficient brilliancy, especially in the yellow and 
green, to be easily recognizable. The hydrogen lines are 
generally prominent, but never so strikingly enlarged as in 
Class I.,, a. In some stars, however, these are faint, in 
which case the less refrangible part of the spectrum is tra- 
versed by faint bands, composed of dense groups of lines— 
Capella, Arcturus, Aldebaran. Under this type is to be 
classed among others the double star 8 Cygni, in which one 
appears of a blue and the other of an orange colour. The 


two spectra are given in Fig. 237 ; the upper one is that of 





I 


orange 





Spectra of the Component Stars of the Double Star ß Cygni. 


the small companion, which shines with a blue light, the 
lower that of the principal star, which is orange, In the 
latter it will be noticed that the dark lines are strongest and 
most numerous in the blue and violet portion of the spectrum. 
The orange is comparatively free from bands, and is there- 
fore dominant. In the companion the strongest groups of 
lines are found in the yellow and orange, and in a portion 
of the red; it is therefore natural that this star should 
appear of a bluish tint. 

(b) Spectra in which, besides dark lines and separate dark 
bands, numerous bright lines are visible. In this type may 


be reckoned T Coron®, and most probably the star in 
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Cygnus, observed by Wolf and Rayet, and the variable 
star R Geminorum, although, on account of its faintness, the 
dark bands in the red and yellow are all that can be seen 
with certainty, and the dark lines are only suspected. 

Class III. —Spectra in which not only dark lines, but also 
numerous dark bands, are visible in every part of the spec- 
trum, and the most refrangible part is remarkably faint. 

(a) In addition to the dark lines, bands are visible, the 
most prominent of which are sharply defined towards the 
violet, and shaded off towards the red— a Herculis, « Orionis, 
8 Pegasi. The spectrum of a Herculis is given in Fig. 238. 


(d) Spectra in which dark bands appear of great breadth, 


ki 


oreen blue 





Spectrum of the Star a Hereulis. 


the most prominent being darkest and best defined towards 
the red, and gradually fading away towards the violet 
As yet only faint stars have been met with of this description, 


such as Schjell. Cat. red stars, Nos. 78, 152, 273, etc. 


85. Hucsıns’ PHOTOGRAPHED SPECTRA OF THE FIXED STARS. 


It has already been mentioned that as early as 1864, photo- 
graphs of some of the stellar spectra were obtained by 
Huggins and Miller, by the aid of a large telescope, supplied 
with admirable clock motion. This work has since (1879) 
been resumed by Huggins with instruments of greater 
delicacy, and the result has been a valuable series of 


photographs and drawings of stellar spectra. The telescope 
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employed is an IS-inch reflector, driven by clockwork of 
great excellence. 

The »spectroscope in connection with this instrument is of 
the following construction. The prism e (Fig. 239), of Iceland 
spar, has an angle of 60°, and is fixed for the minimum of 
deviation for the line H. The lenses ce and dare of quartz. 
The lens of the collimator c is I$ inch in diameter, and has 
a focal length of ten inches ; the lens d behind. the prism by 
which a photographic image of the spectrum is thrown upon 





8 


Huggins’ Spectroscope for Photographing the Spectra of the Stars. 


the plate fis of the same diameter, with a focal length of 64 
inches. The collimator carries the slit a at the further end, 
and has a tube 5 attached to its outer surface and parallel 
to its axis, by means of which, in connection with the eye- 
piece of the telescope, and the screw A in the foundation 
plate of the instrument, the lenses c and d may be accurately 
placed in the axis of the telescope. 

The plate / of the slit of polished silver is furnished with 
two shutters, controlled by the handles / and #; the opening 
or closing of each shutter affects but one half of the length 
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of the slit, so that the observer can arrange whether the 
spectrum of the star shall be taken alone, or whether upon 
the same plate / there shall be photographed, either at the 
same time or subsequently, the spectrum of daylight or of 
some artificial source of light. 

The photographic plates—gelatine dry plates—were one 
and a-half inch in length by half an inch broad. The 
photographed spectrum extended from the line G to P in 


the ultra-violet, and was about half-an-inch in length. The 





Section ofthe Reflecting Telescope when the Spectroscope is in Position. 


sharpness of the photographs is so great that they can be 
advantageously examined with a microscope of low power. 
Nearly fourteen lines can be distinguished between H 
and K. 

In Fig. 240 the reflector is shown after the introduction 
of the spectroscope a,c. At the base of the tube lies 
the 18-inch mirror d, in the centre of which is the eye- 
piece, temporarily displaceed by a small telescope, by the 
help of which the various parts of the spectroscope, and 


especially the slit, can be inspected. By means of a small 
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revolving mirror d, attached to the side of the telescope, the 
plate c of the slit is illuminated by yellow light, and the 
image of a star brought exactly into the opening of the slit. 

The lines in the photograph were measured by a micro- 
meter fitted into a microscope, and the conversion of the 
positions into wave-lengths was effected by a graphic process 
in which for the ultra-violet portion of the spectrum the 
maps of Cornu and Mascart were employed. 

The chief results of Huggins’ labours are given in 
Plate XIII. For the convenience of comparison, Cornu's 
normal solar spectrum, extending from G to OÖ in the ultra- 
violet, is placed above and below. The first six spectra 
are those of white stars belonging principally to one type 
of spectrum. They are as follows: Vega, Sirius, 7 Ursae 
Majoris, a Virginis, «a Aquile, and a Cygni. The typical 
spectrum consists here of twelve strongly-marked lines ill- 
defined at the edges ; the two least refrangible coincide with 
the hydrogen lines 4340 and 41IOI, ten millionths of a milli- 
metre wave-length ; the third line corresponds with H in the 
solar spectrum. The prominent line K (H,) of the solar 
spectrum is represented only by a very fine line, and appears 
to be wholly absent both in Sirius and in n Ursae Majoris. 
The relative positions of these twelve lines are pointed out 
by Huggins to be in a certain sense symmetrical, inasmuch 
as each pair of lines are in closer proximity to each other 
in proportion as they are more refrangible. According 
to the investigations of Dr. H. Vogel, four of these lines are 
most probably due to hydrogen ; their wave-lengths in ten 
millionths of a millimetre are as follows :— 


Measured by Vogel. Measured by Huggins. 
3068 3968 H 
3887 38875 a 
3834 3834  B 
3795 3795 7% 
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The nine prominent lines which are more refrangible than 
H are designated by Huggins with the letters of the Greek 
alphabet. They are as follows :— 


Wave-lengths in ten millionths of a millimetre. 


a 3887'5 d 3767'5 n 3717°5 
B 3834 e 3745°5 9 3707°5 
y 3795 ( 3730 ı 3699 


In the photographs of the typical stars a continuous spec- 
trum extends beyond S, but no lines are visible beyond the 
twelfth line, wave-length, 3699 ten millionths of a millimetre, 
In general, as the star approaches the solar type, the twelve 
typical lines already mentioned become narrowed and less 
diffused at the edges. Finally other lines begin to appear, 
and those corresponding with K in the solar spectrum 
become broad and diffused. 

In the spectrum of Vega besides the twelve lines, Huggins 
suspects a very fine line between H and K. The continuous 
spectrum extends as far as S in the ultra-violet. 

The spectrum of Sirius is very similar to that of Vega, 
only the typical lines are somewhat broader, and more 
diffused at the edges. Ihe wave-lengths have been deter- 
mined by Huggins as follows :— 


Wave-lengths in ten millionths of a millimetre. 


*H 4340 B 3834 
h 4101 y 3795 
H, 3968 8 3767°5 
a 3887'5 


The spectrum ofn Urs& Majoris is also very similar to that 
of Vega, but there is some indication of fine lines in the 
photographed portion. The continuous spectrum extends as 
far asS. The following measures were taken :— 


* [It must be recollected that H and H, in this and the following 
table are meant to indicate hydrogen lines and not Fraunhofer 
lines ; r is also a hydrogen line, but it is also a Fraunhofer line. ] 


29 








H 4340 
4287°5 
4137°5 

Ah qıoı 
4121 
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Wave-lengths in ten millionths of a millimetre. 


H, 3968 
a 3887'5 
B 3834 

3820 
Y 3795 





ö 3767°5 
e 3745'5 
C 3730 

a 371753 
3 3707°5 


In the spectrum of a Virginis the twelve typical lines have 
already begun to diminish in width, and become defined at the 
edges; a great number of very fine dark lines have also 
In the position of Ka very fine line 


made their appearance. 


was suspected. The following lines were measured :— 


Wave-lengths in ten millionths of a millimetre. 


H, 3944°5 


K 3933 (probably present). 


3920 
a 38875 
B 3834 

3816°1 
y 3795 


ö 3767° 
e 3745° 
g 3730 
n 37175 
3, 
doubtful. 


in 


on 


ı 


In the spectrum of a Aquilae not only are all the typical 
lines narrower and better defined than in that of Vega, but 
numerous other lines also are present, so that the general 


appearance of the spectrum has begun to approach to the 


solar type. 


The line K is prominent, but less so than H. 


The wave-lengths of the following lines were taken :— 


H 4230 
4172'5 
4131 
Be 

Ah qıoıl 
4072 
4022'5 


Wave-lengths in ten millionths of a millimetre. 


h os 
3997 
H, 3968 
RK 3933 
3915 
a 38875 


a 3862°5 


3854 
B 3834 
3816 


3807°5 


Y 3795 


Aummem 


The spectrum of a Cygni comes still nearer to the solar 


type. 


The measures are as follows :— 
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Wave-lengths in ten millionths of a millimetre. 


H 4340 
A 4101 
H, 3968 


K 3933 


a 3887°5 
3862°5 


B 3834 


y 3795 
ö 3767°5 
3757°5 
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e 3745'5 
( 3730 
N. 37173 


The spectrum of Arcturus differs somewhat from the 
foregoing, and belongs to the class in which the sun is placed. 
The line K is very broad and diffused, even more than the 
line H, and is more prominent than the corresponding line 
in the solar spectrum. The whole photographic spectrum 
appears to be traversed by lines similar to those in the 


solar spectrum ; 'twenty-one of the principal lines have been 
measured, and their places given in the following table. 


Some ofthem are coincident with the solar lines. 


Wave-lengths in ten millionths of a millimetre. 


{ as in solar 
) spectrum. 
\ 


H, 4340 


4325 \ doubtful, 

4307°5 | group G. 

4289 

4271 

4252°5 

4237°5 

4227°5 

4214 

4201 

4195 

4185 

4176 

4170 

50 probably a 

4141 group of lines. 
4132°5 

H, 4112 

h 4099 
4075 


4064 
4055 
4045 
4043 
4040 
3995 
3980 


H, 3968 
H, 3933 


a 


3920 
3905 
3900 
3887°5 
3881 
3870 
3859 
3856 
3850 
3838 
3835 
3832°5 


os m 


3822°5 
3815 
3814°5 
3810 
3805 
3798 
3795 
3789 
3775 
3762°5 
3755 
3745°5 
3732°5 
3730 
3717'5 
3705°5 
3702°5 
3690 
3682°5 
3672°5 


3662°5 
3657'5 
3641 
3637°5 
3625 
3610 
3602°5 
3592°5 
3585 
3575 
3560 
3551 
3515 
3507'5 
35045 
3487 
3482 
3475 
3467 
3457 


In the spectrum of Rigel, all the typical lines are visible ; 


they are brighter than in the spectrum of a Cygni, but not so 
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brıght as in the spectrum of a Virginis. The spectrum of 
the star Betelgeux could only be obtained with difficulty, 
as after an exposure four times the length of time needed for 
Sirius a photograph was produced, yielding a very limited 
spectrum, the most distinet portion being in the neighbour- 
hood of G. The following are the wave-lengths for the 
most prominent lines between G and H. 


Wave-lengths in ten millionths of a millimetre, 
4340 4298°5 4226 4145 4099 4025 
4319 4252 471 4132 4075 


The spectrum of Aldebaran also required a very long 
exposure. The part between F and H appears covered with 
fine lines, of which those between G and H are broad, dark, 
and diffused at the edges. The spectrum of Capella extends 
in the photograph from F to S, and resembles so closely the 
solar spectrum that the one could be taken for the other. The 
lines G, H, and K, as well as several groups of lines near 
H, have almost the same relative intensity and breadth as in 
the solar spectrum. Huggins hence concludes, that this star 
is in a state of development very similar to that of our sun. 

Similar labours in stellar spectrum photography have been 
carried on by Henry Draper, by whom the spectra have 
been divided into two classes, those that bear a resemblance 
to the solar spectrum and those in which the lines. are 
comparatively few, but of greater breadth and intensity. 
He concurs with Huggins in regarding the spectra of 
Arcturus and Capella as almost identical with that of the 
sun, whereas the spectra of Vega and a Aquila are totally 
different. ‘The photographs taken by Draper have not yet 
been published. 


86. VARIABLE STARS. 


Among the fixed stars there are several which vary in 
brightness as compared with neighbouring stars ; their light 
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increases or diminishes, and in some cases even entirely 
disappears. The period of variability is the time elapsing 
between the two successive seasons of greatest (or least) 
brilliancey. | 

Among the variable stars, Mira Ceti offers peculiar interest, 
since at its maximum brightness it equals a star of the second 
magnitude, and at its minimum sinks down to a star of the 
ninth or tenth magnitude. Not less remarkable is Algol 
(8 Persei), which for two days thirteen hours and a half 
shines with the brightness of a star of the tRird*magnitude, 
then sinks down in three hours 
and & half to a star of the 
fourth magnitude ; its light 
again increases, and in a similar 
period of three hours and a half 
regains its original brilliancy. 

The cause of variability in 
these stars has not yet been 
discovered, and may possibly 
differ considerably in individual 
instances. In stars such as 
Algol, where the diminution of 


Variability of a Star according 
to Zöllner. 


light is confined to a few hours, 
the change may be attributed 
to the passage of a dark planet across the -face of the star, 
_ whereby part of its light is hidden from the earth. In other 
instances it may be explained, as Zöllner suggests, by the 
rotation of the star upon its axis, where the surface is of 
unequal brilliancy, part being obscured by the dark masses of 
scoriae, produced by cooling, which would arrange themselves 
in a fixed order, and produce on the surface an unequal 
distribution of luminous matter and non-luminous scori&. 
Were this distribution to assume the form depicted by 
Zöllner in Fig. 241, and the bright liquid mass flowing in 





/ 
f 


Syru-A_ 





456 SPECTRUM ANALYSIS. 


the direction of the arrows a and 5, or against that of the 
star's axial rotation, after the manner of the polar streams 
of our earth, to become stopped in its course by the bank of 
scoriee, then the change in the brilliancy of the light, and 
the periodice recurrence with every revolution on its axis, 
would be accounted for. 

It is instructive to consider how these different theories 
have been affected by spectrum analysis. 

Huggins and Miller noticed in. February 1866 that in the 
spectrum of Betelgeux (a Orionis), Fig. 228 (2), when the 
star was at its maximum brightness, a group of dark bands 
at No. 10695 of the scale bordered by a dark line was 
missing, the precise place of which had been determined by 
them with great care two years before. The dark shading 
in the diagram represents groups of fine lines, into which the 
apparent bands become resolved, if observed with an adequate 
spectroscope. Changes in this spectrum have also been 
observed by Secchi during a period of the star's minimum 
brightness. Some of the dark bands in this spectrum, as 
well as in that of several other red stars, Antares, Aldebaran, 
o Ceti, etc., were thought by him to be identical with certain 
bands in the spectrum of the nucleus of a solar spot, which 
led him to the conclusion that the red colour is due to the 
same cause that produces the absorption bands in the spec- 
trum of a solar spot. In the spectrum of R Geminorum, 
during its period of maximum brightness, Secchi observed a 
bright hydrogen line, a phenomenon he also noticed in the 
variable star 8 Lyre. The spectrum of Algol, belonging to 
the first type, remains unchanged during the period of 
diminished brillianey, which led Secchi and Vogel to suppose 
that in this instance the periodic variation in light is caused 
by the passage of a dark body between the star and the 
earth. 

Vogel has given some attention to the spectra of variable 
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stars. In R Lyr& (Fig. 242) he discovered a very beautiful 
spectrum similar to that of a Herculis. The spectrum of 
R Leporis was observed on December ııth, 1873, when 
the star was near its maximum brightness, and a broad band 
was noticed both in the yellow and the green. The most 
refrangible part of the spectrum was full of absorption bands, 
while the red and yellow were tolerably intense. 

Like Secchi, Vogel noticed in the spectrum of R Gemino- 
rum Dright lines, but their appearance was not confined 
entirely to the period of maximum brightness, “so that 
it must not be assumed that the increase of brightness in 
the star results from an outburst of the gases, the cha- 
racteristic lines of which appear in the spectrum.” Vogel is 
of opinion, moreover, that the bright lines in this spectrum 





Spectrum of the Variable Star R Lyr, after Vogel. 


are neither hydrogen nor the D-lines. The positions of the 
bright lines in 8 Lyr& have been accurately determined by 
Vogel, and their respective wave-lengths are 5875, 485'9, 
4340. The first line is somewhat more refrangible than D, 
and coincides with the line D,, which was first noticed in the 
prominences. The other two belong to hydrogen. Besides 
these lines some fainter ones were suspected.. One of 
them is situated between D and C; the others are probably 
coincident with the lines 5 (magnesium) of the solar spec- 
trum. The bright lines in the spectrum of ß Lyrs 
consequently appear to be coincident with the lines of the 
solar chromosphere.. This is also the case with the star 
y Cassiopeia. 

Attention had been drawn by Wolf and Rayet to three 
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faint stars in Cygnus, in the spectra of which bright lines 
were visible. Vogel found that in these spectra the bright 
lines stood out with remarkable brilliancy from the faint 
continuous spectrum, and determined their position with 
accuracy. In the spectrum of the first star, 8°5 magnitude B. 
D. #. 35°. No.-4001 (IR. 20 hre. 5: min. 37 ae Dir 38 
495 for 1875), Vogel observed four bright lines (579'5 very 
faint, 567°5 only occasionally visible, 536 very bright, 468 
very bright and broad, diffused towards the violet). In the 
spectrum of the second star, 8:0 magnitude B.D. + 35° No. 
4013 (PR 20 hrs. 7 min. 12 sec. D. + 35° 49'6'), four bright 
lines are easily recognised, but their respective intensity 
is not the same as in the other star. A remarkable dark 
band extends from wave-length 565 to 554 millionth of a 
millimetre. In the third star, 8th magnitude B.D. + 35° No. 
3956 (R 20 hrs. 9 min. 51 sec. D. + 35° 16°8), the four 
bright lines are also visible, and the spectrum appears to be 
bounded towards the red by the first bright line. The 
position of the bright lines is identical in the spectra of the 
three stars, but they differ greatly as to their relative 
intensity. The colour of these stars is a point not yet decided; 
according to Vogel, the first two are yellowish, the third 
a yellowish white ; further observations will be necessary 
before it can be established that these stars are variable. 


87. New oR TEMPORARY STARS. 


Among the variable stars may also be reckoned those 
which from time to time, but only at exceedingly long 
intervals, have suddenly shone brightly in the heavens and 
disappeared again after a longer or shorter interval; such 
stars always excite the greatest wonder and interest, not only 
from the rarity of their appearance, but also from the mighty 
convulsions which they announce. According to Humboldt, 
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only twenty-one such stars have been recorded in the space 
of two thousand years, from 134 B.c. to 1848 A.D., the most 
remarkable of which were that observed by Tycho Brahe 
(1572) in Cassiopeia, which surpassed both Sirius and 
Jupiter, and even rivalled Venus in brilliancy, but disappeared 
after seventeen months, without leaving a trace visible to the 
naked eye,* and that seen by Kepler (1604) in the right 
foot of Ophiuchus, which excelled Jupiter, but did not quite 
equal Venus in brightness, and at the end of fifteen months 
was visible only by aid of the telescope. A characteristic 
peculiarity of these temporary stars is that their increase in 
brilliancy is in general very rapid, while the diminution in 
light is slow and irregular, 

Fortunately for science, phenomena of this nature have 
occurred since the application of spectrum analysis to the 
examination :of the heavenly bodies. On the night of the 
ı2th of May, 1866, a new star, brighter than one of the 
second magnitude, was observed at Tuam, by Mr. John 
Birmingham, in the constellation Corona Borealis. On the 
following night it was seen by Courbebaisse at Rochefort, 
and was observed a few hours earlier at Athens by Schmidt, 
who expressly declares that the new star could not have been 
visible before eleven o’clock on the night of the ı2th of 
May, as he had been observing R Corons, and could not 
have failed to notice the new star had it been then visible. 
On the same night (13th of May) the light of the star 
sensibly decreased, and by the Iı6th of May it had become 
reduced to the fourth magnitude. Its brightness then waned 
somewhat rapidly : it decreased from 4'9 on the ızth to 5'3 
on the 18th, and from 5°7 on the Igth to 6°2 on the 2oth, till 
by the end of the month it had become a star of the ninth 
magnitude. 


* The telescope was not invented until thirty-seven years after 
this date. - 
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That the star was not a new one is evident from Arge- 
lander’s Durchmusterung des nördlichen Himmels, where it 
is to be found as No. 2765 in + 25° declination. Arge- 
lander had observed the star on the ISth of May, 1855, and 
on the 31st of March, 1856, and on both occasions had classed 
the star as between the ninth and tenth magnitudes. 

Huggins was informed by Birmingham of his discovery 
on the 14th of May, and was thus enabled on the Isth inst. 
to examine with Miller the spectrum of this star when it 
had not fallen much below the third magnitude. The result 
of this investigation is as follows. 

The spectrum of the star was very remarkable, and showed 


clearly that there were two distinct sources of light, each 


violet 





Spectrum ofthe Temporary Star T Coron& Borealis. (15th May, 1866.) 


producing a separate spectrum. The compound spectrum 
(Fig. 243) is evidently composed of two independent spectra 
superposed, the one a continuous spectrum crossed by dark 
lines similar to that given by the sun and other stars, the 
other consisting of four bright lines, which from their great 
brilliancy stand in bold relief upon the dark background of 
the first spectrum. 

The continuous spectrum traversed by dark lines shows the 
presence of a photosphere of incandescent matter probably 
solid or liquid, which is surrounded by an atmosphere of 
cooler vapours, giving rise by absorption to the dark lines. 
This absorption spectrum contains two strong dark bands of 


less refrangibility than the D-line ; from these a group of fine 
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lines extends almost to D, while one fine line is coincident 
with D. So far the spectrum is analogous to that of the sun 
and the stars; but there are also present bright lines, indicat- 
ing a second source of light, which is undoubtedly an 
intensely luminous gas. 

Huggins compared the spectrum of the star ‘on the 17th 
of May with the spectrum of hydrogen produced by the 
induction spark through a Geissler tube, and found that the 
strongest of the stellar lines 2 was coincident with the 
greenish-blue line of hydrogen. Apparently, also, the line ı 
in the red coincided with the Ha-line, but owing to the faint- 
ness of the line, the coincidence could not be ascertained with 
the same degree of certainty. The star is now about 
the tenth magnitude. According to Vogel, its spectrum 
is continuous, differing little from that of any other star. 

On the 24th of November, 1876, another new star was 
observed at Athens by Schmidt, to the east of 8 Cygni. It 
was then of the magnitude of 3'5, and of a deep gold colour, 
almost red. The spectrum as observed by Backhouse, 
Copeland, Cornu, Lohse, Secchi, and Vogel was again one of 
bright lines, analogous to that of the star of 1866. Vogel 
commenced his investigations on the 5th of December, and 
describes the spectrum as peculiar in character, brilliant, but 
traversed by numerous dark bands, in which several bright 
lines were to be noticed of which the most conspicuous was 
in the red, and the next one in the borders of the green and 
blue. The intensity of this brilliant spectrum soon diminished ; 
after three months only a portion remained, and that 
extremely faint. The loss of intensity was not uniform in 
allthe colours ; the blue and the violet faded quicker than the 
green and yellow. The red portion, which at first was faint 
and traversed wiih broad dark bands, soon disappeared, so 
that a solitary brıght line in the red was left. In the first 
stage a dark band in the green was very prominent, after- 
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ı4th Dec. ıst Jan., 1877. ond Feb. nd March 


Spectrum of the New Star of 1876, after Vogel. 
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wards a broad dark band in the blue. With the exception 
of those in the red, the bright lines at first scarcely exceeded 
in brilliancy the continuous spectrum ; afterwards, as the 
star lost light, they became more prominent, especially 
the lines identified by measures with Ha and Hß of 
hydrogen, and subsequently a line of which the wave-length 
was 499. Another of the prominent lines was the one in all 
probability Hy hydrogen. The line wave-length 499 coincides 
with the brightest line of nitrogen, and is the same as the 
one observed in nebule. It remained the longest visible as 
the spectrum faded, and exceeded in brightness the hydrogen 
lines, of which the one in the red was the first to visibly 
diminish in brillianey. A diffused bright line at wave-length 
580, and a similar one at wave-length 467, were observed, — 
nearly coincident with a dense group of lines in the spectrum 
of air—together with others in the neighbourhood of d and 
E, the exact position of which could not be determined. 
Several drawings of the spectra were made by Vogel, which 
have been reproduced;; it will be seen, on reference to Fig. 
244, to which stage of the star’s appearance the drawing 
refers. 

At the end of October 1877 Vogel was successful in again 
observing the spectrum of the star, although it was then 
reduced to the tenth magnitude. The spectrum consisted 
only of one bright line—wave-length 499 millionths of a 
millimetre—on either side of which an exceedingly faint 
continuous spectrum was to be traced. A later observation 
‘on February 18th, 1878, records the same phenomenon, so 
there can be no doubt that an important change had taken 
place in the character of the spectrum. The fact of a star 
yielding a continuous spectrum to be changed in the course 
‘of a.year into a single bright line is at present wholly un- 
exampled. The observations by Vogel are fully confirmed 
by those of Lohse. 
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The cause of such a sudden outburst in a star may well 
excite our wonder. There can be no doubt that the pheno- 
menon has no reference to the process of the creation of a 
star, but only to some change in its constitution by which 
its Juminous power is affected. Of the nature of this 
change nothing is known. The sudden brilliancey might be 
attributed to the encounter of two cosmical masses, whereby 
their momentum is changed into molecular motion resulting in 
an increase of temperature and a consequent increase in light. 
It might be also supposed that by some internal catastrophe 
a mass of hydrogen gas is developed which, when rendered 
combustible by the presence of some other element, might 
occasion the outburst of light. Finally, the suggestion of 
Lohse might be adopted, that by the process of cooling a fixed 
star becomes enveloped by an atmospheric envelope which 
absorbs so much of its light as greatly to reduce its bright- 
ness as seen from the earth. When through the continued 
action of radiation the temperature is further reduced to the 
point necessary for the chemical combination of the chief 
elements present, the heat and light developed by such a 
process would render the star suddenly visible to a great 
distance.* 

In discussing the conclusions to be deduced from the 
observations hitherto made upon temporary stars, Vogel 
remarks, “For those versed in the study of stellar 
spectra the phenomenon of a star yielding a spectrum 
of bright lines is one of the highest interest, well worthy of 
the most earnest consideration. For although in the chromo- 
sphere of our sun, at the sun’s edge, many bright lines are 
to be distinguished, yet if a minute star-like image of the 
sun be formed and examined with a spectroscope, only dark 
lines are perceptible. It is generally supposed that the 


* [This is very improbable, and may be rejected for very cogent 


reasons. ] 
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bright lines visible in some of the stellar spectra are due 
to gases which have burst out from the interior of the 
luminous mass at a temperature higher than the surface, in 
the same way that bright lines of hydrogen are sometimes 
visible in the spectrum of a solar spot caused by the erup- 
tion of incandescent hydrogen from the interior of the sun 
over the cooler surface of the spot. This is not, however, 
the only explanation. It may be assumed that the glow- 
ing gases by which a star is surrounded, as in the case 
of our sun, are at a lower mean temperature than that of the 
nucleus, although relatively extremely high. 

“By the first supposition it seems to me impossible to 
imagine the phenomena enduring any length of time. The 
gas escaping from the central mass would impart some 
of its heat to the cooler surface, thereby raising its tempera- 
ture until the difference between the heat of the incandescent 
gas and that of the surface is no longer sufficient to produce 
the bright lines, and consequently they disappear. 

“This theory is admirably suited to explain the sudden 
apparition of so-called new stars in the spectra of which 
bright lines are visible, and of their speedy disappearance, 
or at least marvellous diminution in brightness if as a fur- 
ther explanation the hypothesis stated below is accepted. 
When the phenomenon is permanent in character the second 
theory seems to me the most admissible ; it appears to me 
probable that stars such as 8 Lyra, y Cassiopeis, and others 
in the spectra of which the lines of hydrogen and the line 
D, appear with slight variation bright upon a continuous 
spectrum, must be surrounded by a comparatively exten- 
sive atmosphere composed of hydrogen and of the substance 
represented by the line D.. 

“On the subject of new stars I call to mind a hypothesis 
suggested by Zöllner in reference to the valuable observa- 
tions made by Tycho upon the star that bears his name, 
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before the field of physical astronomy had been so greatly 
enlarged through the introduction of the spectroscope. 

“Zöllner, as is well known, supposes that by the con- 
tinual process of radiation the chilled masses, which in the 
‚case of the sun are known as solar spots, gradually augment 
till finally the whole surface is covered with a cooler stratum 
‘of vastly diminished luminous power. Through any sudden 
rent in this darkened stratum the incandescent mass enclosed 
must of necessity burst forth, and cause luminous spots of 
greater or less extent. To an observer at a distance such an 
outburst would appear as the sudden apparition of a new 
star. That in some cases the development of light might 
be extreme would follow from the circumstance that all the 
‚chemical combinations which had taken place on the surface 
under the influence of a lower temperature would be again 
set free by the sudden eruption, and this chemical action 
would necessarily be accompanied by a development of heat 
and light. The outburst of light would therefore not be due 
merely to those portions of the surface rendered luminous by 
the outflowing incandescent central mass, but also to a 
species of combustion caused by the contact of the cooler 
‚elements in chemical combination. 

‘“ The hypothesis advanced by Zöllner as to the gradual 
development of the heavenly bodies has been sustained 
in all important points by the results of spectrum analysis. 
The various stages of cooling are to be recognised in the 
spectrum, and in some of the fainter stars evidence exists 
that in the atmosphere by which the incandescent mass 
is surrounded chemical combinations could already be formed 
and maintained. Ihe spectroscopic observations made upon 
the two new stars of 1866 and 1876 give no countenance 
in any particular to the hypothesis that the stars are in 
reality new. 

“The very bright continuous spectrum from which at 
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first the bright lines are scarcely detached cannot be wholly 
explained by the assumption that violent outbursts of gas 
from the interior re-illumine the darkened surface, but it 
is in full agreement with the supposition that the sudden 
brilliancy is the effect of combustion. Were this of short 
duration, the continuous spectrum would rapidly decrease 
in brilliancy up to a certain point, as was the case in the 
star of 1876, while the bright lines in the spectrum formed 
by the incandescent gases, which issue from the interior 
in enormous quantities, would remain much longer visible. 

“The connection between tlıe fading of the star and the 
cooling of its surface is evidently shown by the examination 
of the spectrum. The violet and blue portions were the 
first to diminish in intensity, and the absorption bands 
traversing the spectrum became gradually broader and 
darker.” i 

It must not be forgotten that light, though an extremely 
quick messenger, yet occupies a certain time in coming 
to us from a star. The speed of light is about 185,000 miles 
in a second; the distance of one of the nearest fixed stars 
(a Centauri) is about sixteen billion miles, so that light 
takes about three years to travel from this star to us. The 
great physical convulsion observed in the star in Corona in 
the year 1866 was therefore an event which had taken place 
long before, at a time when spectrum analysis, which has 
yielded such interesting results, was yet unknown. 


88. INFLUENCE OF THE PROPER MoTIoNn OF THE STARS IN 
SPACE UPON THEIR SPECTRA. 


In $ 78 the principle was unfolded by which spectrum 
analysis enables us to discover the movement of a star in 
space, through the displacement of its spectrum lines, It 
was shown that the displacement of any of the spectrum 
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lines towards the violet indicated that the star was approach- 
Ing us; a displacement towards the red showed, on the 
contrary, that the star was receding from us, and the amount 
of this displacement indicated the rate of motion. 

On entering on this kind of investigation, Secchi directed 
his telescope to Sirius, and brought the dark F-line in exact 
coincidence with the direct image of the star ; he then turned 
his instrument to another fixed star of the same type in 
which the F-line was also visible, and observed it narrowly 
to ascertain whether this line were also coincident, or showed 
some displacement. His instrument dıd not, however, prove 
adequate to such delicate observation, and the results 


obtained were not decisive. 


Fıc. 245, 





Spectrum of Sirius as observed by Huggins. 


By the aid of more delicate instruments, and an apparatus 
better adapted for such measurements, Huggins was more 
fortunate. Having established that a strongly marked dark 
line in the spectrum of Sirius (Fig. 245) was the hydrogen 
line Hß, he compared it successively with the Hß-line of 
the hydrogen spectrum formed from a Geissler tube, with the 
Fraunhofer F-line of the solar spectrum, and also with the 
H£-line of hydrogen when under atmospheric pressure, 
Fig. 246 shows the position of these three lines in relation 
to each other and to the line in Sirius. While the com- 
parison lines coincide exactly, the /ine in Sırıus is displaced a 
little towards the red. As this line in Sirius appears broader 


than the bright hydrogen line H£, which is always the case 
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with this line when the gas is subjected to some pressure, it 
became of importance to determine whether the expansion 
of the hydrogen line Hß under pressure takes place unsym- 
metrically or equally on both sides. Huggins found, as was 
subsequently confirmed by Lockyer and Frankland, in 1869, 
that when the hydrogen line H@ becomes expanded from 
an increase in the density of the gas, this widening always 
takes place equally on both sides, and the middle of the line 
preserves its position. It is probable that the expansion of 


the line in Sirius may arise from a similar cause, but at the 


Fıc. 246. 
Ha violet 
Hydrogen in 
Geissler Tubes. 





F-line in Sirius. 





F-line in the 
Sun. 


Hydrogen under 
Atmospheric 
Pressure. 





Hz 


Displacement of the F-line in the Spectrum of Sirius. 


same time there cannot be a doubt Zhat the whole line suffers 
a displacement towards the red as compared with the terrestrial 
hydrogen line. 

This displacement, as measured by Huggins, amounted 
to about a quarter of the distance between the two 
D-lines. The difference between the wave-lengths of these 
two D-lines is 4°36 millionths of a millimetre ; the displace- 
ment of the F-line in the spectrum of Sirius corresponds 
therefore to an zucrease ın the wave-length of 0'109 (or O'I5) 
millionth of a millimetre. If the velocity of light be taken 


to be 185,000 miles in a second, and the wave-length of the 
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light at the line F to be 486'50 millionths of a millimetre, 
then the observed displacement of the line in Sirius indicates 
a recession of Sirius from the earth at the rate of Br a, 
or 41'4 miles in a second. 

The earth has evidently some share in this motion. The 
direction of the earth’s motion in its orbit changes every 
instant, and there are two points separated 180° one from 
another, in which the direction of motion coincides with the 
line of sight from Sirius. In the one place the earth is 
approaching the star, in the other it is receding from it, 
while in the two other points of the orbit 90° from the former 
positions, the earth’s motion is at right angles to the star's 
line of sight, and has therefore no influence on the refrangi- 
bility of the rays. 

At the date of these observations the earth was moving 
away from the star at the rate of ı2 miles in a second; 
there remains therefore for the proper motion of Sirius a 
movement of recession from the earth amounting to 29°4* 
miles in a second, and if the probable advance of the sun in 
space be taken into account, this motion would be reduced to 
about 26 miles. 

Similar observations have been undertaken by Huggins on 
a Canis Minoris, Castor, Betelgeux, Aldebaran, and some 
other bright stars. 

Vogel and Lohse have since been occupied in this field of 
research, and employed the following method of observation. 
A Geissler tube filled with hydrogen was introduced inside 
the telescope so as to be in contact with the cone of light 
coming from the object examined, and in such a position 
that the length of the tube was perpendicular to the slit, and 
the spectroscope directed in a position parallel to the diurnal 
motion. By a concave cylinder lens the width of the spec- 


* [In 1884 Mr. Christie found that the direction of motion of 
Sirius has changed. ] 
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trum was regulated in front of the slit. The spectrum of a 
star occupied but a narrow belt in the field of view, while 
the bright lines of the gas spectrum extended across the 
whole field of view of the telescope. In this way the bright 
lines of the comparison spectrum were seen on either side of 
the band-like stellar spectrum. Vogel has learnt by ex- 


perience that comparisons made 


FiG. 247. 


on one sıde only—such as can 
be obtained by a so-called com- 


are not sufficient 





parison prism 
for very delicate measurements, 
and may even give rise to con- 
sıderable error in the estimation 
of coincidence of any two lines. 
By means of such an apparatus 
under very favourable conditions 
of atmosphere Vogel and Lohse 
succeeded, on the 22nd of March, 
[87I, in observing the displace- 
ment of the three hydrogen lines 
in the spectrum of Sirius as com- 
pared with the lines Ha, Hß, 
and Hy in the spectrum of the 


Geissler tube, and by the micro- 





meter determined this amount 
with respect to the F-line to be Spectrum ne with the 
0'I5 + 0'025 millionths of a x 
millimetre of a wave-length. The lines in the spectrum 
of Sirius were much enlarged, which greatly increased the 
difieulty of the observation. In Fig. 247, a portion of the 
spectrum of Sirius is given, which includes the F-line. In 
the lower figure the bright hydrogen line is seen to be not 
in coincidence with the central and darkest part of the broad 


F-line. In the stellar spectrum this line, though broader 
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than the C-line, is exceeded in breadth by the Hy-line. In 
all the three lines the displacement towards the red end of 
the spectrum was distinctly visible. 

The speetrum of Procyon was also examined, and a dis- 
placement observed of the three hydrogen lines Ha, H£, 
Hy, towards the red end of the spectrum. The observations 
of Capella were rendered especially difficult from the faint- 
ness of the F-line and the existence of several delicate lines 
in its neighbourhood. There appeared to be a displacement 
towards the red end of the spectrum, but of smaller amount 
than in the two other stars. 

Systematic observations upon the proper motion ofthe stars 
are now carried on at Greenwich by means of an instrument 
of great dispersive power devised by Mr. Christie. 

In the following table the collateral results are given up to 
1881. The motion when receding from the earth is indicated 
by the sign +, when approaching the earth by —. The 
figures placed after + indicate the probable error in the 
the results obtained by 


mean value. For comparison 


Huggins are also given, as well as a brief description of 


the lines. 
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Bo #0 Su, 
Name of Star. ER er EIch De Remarks. 
2. ER sults. 
Ne, 
a Andromeda& . | - 33+4'2 9 - F broad, ill-defined 
ß Cassiopeia ? I F broad, diffused 
y Pegasi . | -46 3 x, F diffused 
a Cassiopeix +? 2 bi 
y Cassiopeia - 27 2 + F broad, ill-defined 
8 Andromedx . | +12 2 F well-defined 
ß Arietis . - 14 2 Ö, broad, very black 
a Piscium - 36 2 F narrow, well-defined 
y! Andromedx®. | -? 2 b, 
a Arletis.. - 21 Bi ö, well-defined 
a Ceti. | -34 ? I dj, 6, channelled spectrum 
8 Bersei , | - 1 1 F dark, sharp 
a Persei . +25 2 ı F faint, diffused 





PROPER MOTION OF THE STARS. 


Huggıns’ 
Results. 


Motion in 
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Observed. 


So Berseh un 
Aldebaran . . | +20+2'0 
Capella +2744'5 


rıskı° 9 


db, very faint 

6, very well-defined 

d, well-defined, F 
defined 

F very well-defined 

F very well-defined 

F hroad, diffused 

F faint, narrow 

F faint, narrow 

F faint, narrow 

F well-defined 

ö\, ö, channelled spectrum 

F broad, ill-defined 

F broad, well-defined 

F broad, diffused 

F broad, diffused 

F very broad. dirfused 

F broad, ill-defined 

ö, well-defined, F 
well-defined 








well- 


Rigel . 

y Orlonis 

ß Tauri 

ö ÖOrionis. 

e Orionis. 

€ Orionis. 
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a@ ÖOrionis 

B Aurige i 
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Sirius . 
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-49 faint, 
a Hydr. 
e Leonis . 
Regulus . 
y' Leonis 
ß Urs& Majoris 


1 

Ö, well-definei 

F broad 

6, 

F very dark, broad, and 
ill-defined 

Ö,. F faint 

F broad, dark [away 

F very dark, broad, fading 

F very dark, broad, ill- 
defined 

F broad 

F very dark, 
defined 

F very dark, broad, 
defined 

+37 F weak, fading away 

€ Urs® Majoris | +16437 F broad, fading away 

ö Virginis +? Ö, columnar spectrum 

a Canum Venat. | —? F very dark, broad, 

well-dehned 
—28 


+444'0 


+12t0 17 
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rrtoar 


a Urs® Majoris 
3 Leonis . 
@ Leonis . 
x Urs& Majoris 


— 46 to 60 
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B Leonis . 
Y Urs® Majoris 


+34 
Selyasrey 


+1o 


broad, ill- 
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ö Urs® Majoris , t17to 21 


y Virginis 
+17to21 


and 





e Virginis 
Spica . 
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’ ‘ F narrow, well-defined 
$ Urse Majoris 


F very dark, broad, ill- 


E 
+17to21 
defined 


n Urs&® Majoris 


n Bootis . 
Arcturus . 


y Bootis . 
€ Bootis . 
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‚ d, sharp 

'ö, very sharp, D, dark, 
F well-defined 

F broad 

Ö,, Ö, well-defined 
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Name of Star. 


ß Urs& Minoris 


ß Libre . 
a Coronz 


a Serpentis . 
e Serpentis . 


y Herculis 


n Draconis . 


8 Herculis 
£ Hereulis 
$& Draconis 
a Hereculis 


8 Draconis 
a Ophiuchi . 


& Draconis 


Yy Draconis . 


a Lyre 


Yy Lyre 

$ Aquile. 
ö Aquile. 
ß Cyani . 
y Aquile. 
ö Cygni 

a Aquile. 
y Cygui . 


a Delphini 


a Cygni . 
e Cymi . 
g Cygni . 
a Cephei. 
8° Cephei 
e Pegasi . 
n Pegasi . 
Fomalhaut 
ß Pegasi . 
a Pegasi . 
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Motion in 
Miles. 


+26 
+II 
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b, faint 
F faint, well-defined _ 
En F very dark, broad, fading 
away 
Ö, columnar spectrum 
F broad 
F fading away 
‚ b, very faint 
Ö, very faint 
b, 
| F fading away 
Ö, eolumnar spectrum 
6, Ö, very faint 
F very diffused 
b, very faint 
Ö), ö, very shaıp 
—44t054 |! very dark, broad, fading 
away 
F broad, fading away 
, F very broad, fading away 
 F broad 
' ö, sharp 
2, sharp 
F fading away 
F very broad, fading away 
— ö, Ö, sharp, F well-defined 
- F very broad 
—39 Ö, faint, F well-defined 
by by 
Ö, uncertain 
F very dark, well-defined 
Ö, uncertain 
61, Ö,, 2, sharp 
b 
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F sharp 
| ‚ Ö,, Ö, columnar spectrum 
> ' F broad, sharp 
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RESULTS OP THE SPECTROSCOPIC  INVESTIGA- 
TION OF NEBULE AND CLUSTERS, 


89. SPECTRA OF NEBULE AND ÜLUSTERS. 


In a telescope of moderate power stellar clusters and faint 
nebulous forms reveal themselves against the dark back- 
ground of the sky, which might be taken at first sight for 
clouds, but which, by their unchanging forms and persistent 
appearance, are proved to belong to a ‚special order of 
heavenly bodies. Sir William Herschel was able, with his 
gigantic telescope, to resolve many of these nebulae into 
clusters of stars, possibly vast groups of individual suns. 
But many nebulae were not thus resolvable, and some even 
resisted a power of 6,000, which suggested to this astute 
investigator the theory that, besides the many thousand 
apparent nebulz which reveal themselves as a complete and 
separate system of worlds, there are also thousands of real 
nebulse composed of primeval cosmical matter of the Universe. 

Lord Rosse, by means of a telescope of his own construc- 
tion ‚of six feet aperture, was able to resolve into clusters 
of stars many of the nebul& not resolved by Herschel ; but 
there were still revealed to the eye, thus carried further into 
space, new nebulse beyond the power even of this gigantic 
telescope to resolve. 

Telescopes failed, therefore, to solve the question whether 
the unresolved nebula are portions of the primeval matter 
out of which the existing stars have been formed, or whether 
they exist as a complete and separate system of worlds. 

That which was beyond the power of the most gigantic 
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telescopes has been accomplished by the spectroscope. This 
Iinsignificant but exquisitely sensitive instrument has esta- 
blished the existence of nebulae as isolated bodies in space, 
and that these bodies are luminous masses of gas. 

The largest and most irregular of all the nebula@ ıs that 
in the constellation of Orion. It is situated rather below the 


central three stars of that magnificent constellation. Near 





Nebula of the Form ot a Sickle. 


the middle of the nebula are four bright stars, forming a 
trapezium. The nebulous matter surrounding these stars is 
of mottled appearance, and stretches out in long curved 
streaks. Professor Henry Draper, of New York, has lately 
succeeded in taking an admirable photograph of this nebula. 


The instrument employed was an eleven-inch refractor, power 


w 


180, and an exposure of 137 minutes. 
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A somewhat later, but much more perfect set of photo- 
graphs has been taken by Mr. Common, of Ealing, with his 
three-foot reflector, in less than forty minutes. By the kind 
permission of Mr. Common, a reproduction of one of these 
admirable photographs is allowed to appear as the frontis- 
piece to this work. 

Nebulae of less irregularity in form are the great Magel- 


lanie clouds in the southern hemisphere, visible to the naked 


Fıc. 249. 





Spiral Nebula. (H. 1173.) 


eye, and one of which exceeds by five times the apparent 
size of the moon. 

The interest aroused by these irregular and nebulous forms 
is further increased by the phenomena of the spiral nebula 
with which the giant telescopes of Lord Rosse and Mr. Bond 
have made us further acquainted. As a rule, there streams 
out from one or more centres of luminous matter innumerabl: 
1 


curved nebulous streaks, which recede from the centre in a 
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spiral form, and finally lose themselves in space. Fig. 248 
represents a nebula in the form of a sickle or comet tail 
(Herschel, No. 3239), Fig. 249 a complete spiral (H. 1173), 
and Fig. 250 the most remarkable of all the spiral nebula 
situated in the constellation Canes Venatici* (H. 1622). 

The transition state from the spiral to the annular form is 
shown in such nebulae as the one represented in Fig. 251 
(H. 604) ; and they then pass into the simple or compound 


7 


annular nebula, of which a type is given in Fig. 2 


in 


Eıc.250, 





Spiral Nebula in Canes Venatici. (H. 1622.) 


In Fig. 253 a representation is given of a compound 
annular nebula (H. 854), with very elliptic rings and bright 
nucleus. 

According as the ring has its surface or its edge turned 
towards us, or according as our line of sight is perpendicular 
or more or less obliquely inclined to the surface of the ring, 
its form approaches that of a circle, a ring, an ellipse, or 

* [Mr. Common’s photographs of this nebula show that it has not 


a strictly spiral form.] 
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even a straight line. Nebulae of this latter kind are repre- 
Senteo.ın Fi 254 (H. 16069), and in Fig. 255 (H. 2621). 
When an elliptical ring is extremely elongated, and the 
minor axis is much smaller than the major one, the density 
and brightness of the 
ring diminishes as its 
distance from the cen- 
tral nucleus increases ; 
and this takes place to 
such a degree some- 
times, that at the ends 
of the major axis, it 
ceases to be visible, 


and the continuity ap- 





pears broken. The 
nebula has then the Eee Di 
appearance of a double Be 
nebula, with a central 
spot as represented in 
Fig. 256 (H. 3501) and 
Fig. 2 (H. 2552). 
Those nebulse which 
have edges tolerably 
sharply defined, and 
are In tie lorm of a 
circle or slight ellipse, 
would appear to belong 


to a much higher stage 





of development. From 


Annular Nebula in Lyra. 


their resemblance to 

those planets which shine with a pale or bluish light, they 
have been called planetary nebule. In form, however, they 
vary considerably, some of them being spiral and some 


annular. Some of these planetary nebule are represented 
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in Figs. 238 (H. 338), 2590 (H: 2%), ud 260° (H 22217. 
The first has two central stars or nuclei, each surrounded 
by a dark space, beyond which the spiral streaks are 
disposed; the second has also two nuclei, but without 
clearly separable dark spaces; the third is without any 
nucleus, but shows a well-defined ring of light. 

The highest type of nebuls are certainly the stellar 


nebulaee, in which a tolerably well-defined bright star is 





Nebula with Several Rings. (H. 354.) 


surrounded by a completely round disc, or faint halo of 
light, which in‘some instances fades away gradually into 
space, and in others terminates abruptly. Figs. 261 (H. 2098) 
and 262 (H. 450) exhibit the most striking of these very 
remarkable stellar nebul®; the first is surrounded by a 
system of rings like Saturn, with the thin edge turned 
towards us: the second, a star of the eighth magnitude, 
is not nebulous, but surrounded by a bright luminous 


atmosphere perfectly concentric. 


SPECIRA OF 






Fic. 254. 


Double Nebula,. (H. 3501.) 





a with Centre. 


Elliptical Annular Nebula. (H. 1909.) Annular Nebu 





Elongated Nebula. (H. 2621.) Planetary Nebula with two Stars 


After thus passing in review the facts concerning nebulx 


revealed to us by the telescope, we may turn our attention 


Sl 
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to the additional facts made known to us by the spectroscope, 
which extend even to the nature and constitution of these 


remote heavenly bodies. It will be well here to remind 


FıG. 259. Fıc. 260. 





Planetary Annular Nebula with two Planetary Nebula. 
Stars. (H. 464.) (H. 2241.) 


the reader that the character of the spectrum not only 
indicates the substance that emits the light, but also its 
physical condition. If the spectrum be a continuous one, 


consisting of rays of every colour or degree of refrangibility, 


E1Gr207. FıG. 262. 


wur . 





Planetary Nebula. (H. 2098.) Stellar Nebula. (H. 450.) 


then the source of light is either a solid or Jiguid incandescent 
body ;* if, on the contrary, the spectrum be composed of 


bright lines only, then the light comes from Zumimous gas ; 


2 Tr 


[Or gas in a high state of condensation. | 
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finally, if the spectrum. be continuous, but crossed by dark 
lines interrupting the colours, it is an indication that the 
source of light is a solid or liquid incandescent body, but 
that the light has passed through an atmosphere of vapours 
at a lower temperature, which by their selective absorption 
have abstracted those coloured rays which they would have 
emitted had they been self-luminous. 

When Huggins first directed his telespectroscope in August 
1864 to one of these objects, a small but very bright nebula 
(H. 4374), he found, to his great surprise, that the spectrum 
(Fig. 263), instead of being a continuous coloured band 
such as that given by .a star, consisted only of Zhree bright 
lines. 


This one observation was sufficient to solve the long- 


FıG.-263. 





Spectrum of Nebula. (H. 4374.) 


vexed question, at least for this particular nebula, for such 
a spectrum could only be produced by a substance in a state 
of gas. The light of this nebula, therefore, was emitted 
neither by solid nor liquid incandescent matter, nor by 
gases in a state of extreme density, as may be the case 
in the sun and stars, but by luminous gas in a highly 
rarefied condition. 

In order to discover the chemical nature of this gas, 
Huggins followed the usual methods of comparison, and 
tested the spectrum with the Fraunhofer lines of the solar 
spectrum, and the bright lines of terrestrial elements. A 
glance at Fig. 264 will show the result of this investigation. 
The brightest line (1) of the nebula coincides exactly with 


the brightest line (N) of the spectrum of nitrogen, which 
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is a double line. The faintest of the nebular lines (3) also 
coineides with the bluish-green hydrogen line Hß, or, 
which is the same thing, with the Fraunhofer line F in 
the solar spectrum. The middle line (2) of the nebula 
was not found to coincide with any of the thirty ter- 
restrial elements with which it has been compared ; it 
lies not far from the barium line Ba, but is not coinci- 
dent with it. 

The question why .all the characteristic bright lines of 
these gases are not visible in the spectrum of the nebula has 


occupied the attention of Huggins, Frankland, and Lockyer. 


Fıc. 264. 





Spectrum of Nebula compared with the Solar Spectrum and Spectra of 
some Terrestrial Elements. 


It has been noticed by all these observers, that when 
hydrogen or nitrogen enclosed in a Geissler tube has been 
made luminous by the electric spark and is held at some 
distance from the slit of the spectroscope, not only does the 
double line of nitrogen appear as a single line, but the 
remaining bright lines of both gases entirely disappear, with 
the exception of those lines which are visible in the spectrum 
of the nebula. 

The experiments of Frankland and Lockyer had proved 
that the spectrum is somewhat affected by temperature and 


pressure, but Fievez has lately shown that the intensity of 
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the light is also an element of great importance. He made 
the experiment of varying the intensity of the light examined 
by a spectroscope without altering the conditions of tempera- 
ture or pressure. Under these circumstances as the intensity 
of light diminished, the lines of hydrogen disappeared, first 
the line H#, then Ha, while the line Hy remained visible 
to the last.* Now this line is the one found in most 
of the nebule. Experiments with the spectrum of nitrogen 
yielded precisely similar results. They seem to justify the 
supposition expressed by Huggins, that the missing lines of 
nitrogen and hydrogen have become extinguished during the 
enormous distance the light has travelled in coming from the 
nebula to us. 

The early experiments of Huggins showed that in respect 
of the gases hydrogen and nitrogen, when the intensity of 
their light was diminished in any way, as by the removal 
of the spark from the slit, or by the interposition of screens 
of neutral tint glass, the line in each gas coincident with 
one of the lines of the nebula was the last to disappear. 
At present we have no certain knowledge of the state of 
things in the nebulse, whether the visibility of one line only 
of the gases composing them (in a few nebulae a second line 
of hydrogen near G is seen) is due to the diminution of their 
light by the imperfect transparency of interstellar space 
through which the light has passed, or to their original feeble 
luminosity. By direct comparison with the light of a candle 
Huggins found the intrinsie brilliancy of nebula No. 4628 to 
be equal to ..,, of the annular nebula in Lyra to -,, and of 
the Dumb-bell nebula to „,, of the intensity of the flame of 
a sperm candle burning 160 grains per hour. These results 
would be affected by any interstellar absorption, should such 
exist. 

Besides the spectrum containing these three bright lines, 


* [Fievez’ experiments were by no means new. ] 


i 
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the nebula gave also a very faint continuous spectrum (Fig. 
263) of scarcely perceptible width, which from its nature 
could proceed only from the diffused light of a faintly glowing 
nucleus, either solid or liquid, or from faintly luminous matter 
in the form of a cloud of solid or liquid particles. 

All planetary nebulse yield the same spectrum ; the bright 
lines appear with a certain relative intensity in the spectro-- 
scope, although the nebule may not be brighter in the 
heavens than stars of the ninth magnitude.* The reason of 
this is that the light of the stars is spread out into a con- 
tinuous spectrum, while that of the nebula remains concen- 
trated into a few lines; the principle is identical with that 
by which the spectra of the solar prominences have been 
observed in sunlight simultaneously with the greatly sub- 
dued spectrum of daylight. 

The characteristic difference between the spectrum of a 
planetary nebula and that ofa fixed star has been successfully 
employed by Professor Pickering, of Cambridge, Mass., as a 
means of detecting such planetary nebuls as from their small 
size are undistinguishable even in the largest telescopes from 
minute fixed stars. The plan adopted was to introduce into- 
the 15-inch refractor between the eye-piece and the object- 
glass a small direct-vision spectroscope, and to observe with 
the telescope in a fixed position. As the ceaseless stream 
of stars passed through the field of view, it was easy to 
distinguish between the spectra of coloured lines presented 
by the stars and the nearly monochromatic light of the 
nebule. By the first experiment with this method four 
new planetary nebulae were discovered. 


* [Though the lines of the nebul® are distinctly visible under 
favourable circumstances, the terrestrial lines to be compared with 
them must not be brilliant; when an induction spectrum is used, the 
licht has frequently to be diminished in intensity by a piece of 
neutral tint glass. ] 
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Fig. 265 is the planetary annular nebula in Aquarius, from 
a.drawing by Lord Rosse. It gives a spectrum of three 


bright lines, one of which is due to nitrogen, and another to 


hydrogen. 


FıG. 265. 


The nebula (H. 4964) 
represented in Fig. 266 
is of a spiral character ; 
it is remarkable from its 
spectrum containing four 
bright lines, two of 
which indicate hydrogen 


and one nitrogen. 





In the spectrum of the 
I Planetary Annular Nebula in Aquarius, 
annular nebula in Lyra 


OEL S4447), Fig.- 267, 


Huggins at first observed Fıc. 266. 


with Spectrum. 


only one bright line, that 
of nitrogen. When the 
spectroscope is so di- 
rected to the nebula that 
the slit cuts straight 
through it, the bright 
line appears to be com- 
posed of two brilliant 
lines corresponding to 
the upper and lower 


segments of the ring. 





These two lines are 


Spiral Nebulaf(H. 4964), with Spectrum. 


united by a small band, 

which shows that the faint inner portion of the nebula is 
of the same substance as that of the surrounding ring. In 
the powerful instrument at Bothcamp the spectrum of this 
nebula showed three lines, of which two were measured, 


while the position of the third could only be estimated on 
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account of its faintness, but Vogel is fully persuaded of 
its coincidence with Hß. The two brighter lines could be 
distinguished in the faint centre of the nebula. 

The great nebula of Orion has been the subject of 
numerous spectroscopic investigations. Its spectrum con- 
sists of three very conspicuous bright lines, one of which 
indicates nitrogen and another hydrogen. According to 
Vogel, the three lines are visible in every part of the 
nebula without variation in intensity. They appear upon a 
dark background without any trace of a continuous spectrum. 

| The wave-lengths of these lines as 

eo measured by Vogel are respectively 
500'3, 495'8, and 486'ı millionths of 
a millimetre. Recently a fourth line 
has been seen by Lieut.-Colonel 
Herschel in India, by Lord Rosse, 
and also by Professor Winlock, of 
Harvard Observatory—the same line 
which Huggins had before observed 
in the nebula H. 4964 (Fig. 266), 





Annular Nebula in Lyra 
with Spectrum. 


and which belongs apparently to hy- 
drogen. This line has also been seen 
by Vogel. Possibly other extremely faint lines may be 
present in this spectrum, which could only be seen by 
instruments of much greater power than any now in use. 
These researches are of too recent a date for the results 
as yet to be conclusive. It may, however, be stated 
that in the spectrum of the nebula in Draco (H. 4374), 
first examined by Huggins in 1864, the line 2 was brighter 
than 3, while Vogel in 1871 found line 3 fully as bright or 
even. brighter than 2, and D’Arrest again in the following 
year observed line 2 to be unquestionably brighter than 3. 
This seems to indicate that certain changes take place in the 


condition of the light emitted by the nebula. 


SPECTRA OF NEBULZE 


In ordinary spectroscopic 
observations. of nebulae the 
visible rays are alone re- 
garded. If the invisible rays 
beyond G and H are to be 
dealt with, recourse must be 
had to photography, which, 
as in the case of the stars, 
is sensitive to the ultra- 
violet rays, and thus com- 
pletes the spectrum. By 
means of the apparatus 
described in $ 85, Huggins 
succeeded, on March 7th, 
1882, in photographing the 
spectrum of the nebula in 
Orion. The length of ex- 
posure amounted to forty- 
five minutes, but the slit 
was somewhat wider than 
he had employed in photo- 
graphing the stellar spectra. 
The photograph shows dis- 
tinctly the four lines cha- 
racteristic of the nebula, 
besides a strong line in the 
ultra-violet, of which the 
wave-length is 3730 mil- 
lionths of a millimetre. In 


the opinion of Huggins this 


coincides with the line & 


of the typical photographic 


spectrum of the brightest 


white stars, and belongs possibly to hydrogen. 
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-Photographed Spectrum of’Nebula in Orion, by Hugegins. 


268, 


Fıc. 


In Fig. 268 
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the photograph of the spectrum of the nebula of Orion is 
given, and above it that ofa white star. In the spectrum of 
the nebula the lines Hy and Hß are narrow, and sharply 
defined, while in the spectrum of the white star they are 
broad and diffused. 

Almost simultaneously with Huggins, Professor Draper 
was employed in photographing the spectrum of the nebula 
of Orion. He made the remarkable discovery of two bright 
spots in the nebula, immediately in front of the trapezium, 
which give a continuous spectrum. At these spots there 
must therefore be either gas under a very great pressure, or 
a liquid or solid self-Juminous substance ; but it is certain 
that no bright stars are to be found there. In Draper's 
photograph the hydrogen line Hy is prominent and sharply 
defined, while the line near / is very delicate, and there are 
besides indications of extremely fine lines in the violet. The 
line &, which Huggins obtained, is absent in Draper’'s photo- 
graph. The explanation offered by Draper of its absence is 
either that the slit of the spectroscope was directed on 
different portions of the nebula, or that the telescopes em- 
ployed were of different construction, that of Draper being a 
refractor, while that of Huggins was a reflector—perhaps 
also by a variation in the process of developing the photo- 
graph.* 

As a result of his observations, Huggins divides the nebuls 
into two groups! 

1. The nebulae giving a spectrum of one or more bright 
lines. 

2. The nebule giving a spectrum apparently continuous. 

About a third of the sixty nebule observed belong 
to the first group; their spectrum consists of one, two, 
or three bright lines, a few showing at the same time a 
very narrow, faint, continuous spectrum. They are as 


* [This last supposition is quite untenable. ] 
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follows ;——the numbers refer to Sir John Herschel’s general 


catalogue : 


ABAR i . BE.IV. Ne 
4390 - “ e 6.2. ” 
4514 . b 79 BE 
4510 . ; = STELIV. " 
4628 . R N 
4447 Annular nebulainLyra ,, 
4964 . : 2 ee 
4532. - . Dumb-bell | „ 


118g . . Nebula in Orion 


2102. i “220.9, 


Clusters and nebulse showing a continuous spectrum with 


out lines: 


No. 4294 . ER IEIN 


4244 . =B So.H. IV, 
ı16 Nebula in Andromeda 
NET: > . 32 M, 
N28 . 55 Andromed 
826 . ; re EV, 

4670 . : . u: 

4678 . 2 Be 
r05.. } man; 
307 .. A - TSO.HLT, 
BnS.. ee 

1949 - ; .„ 82 M. 

1950 . ae 9 

3592.. . sr ME, 

2841 . i A ER 

MA . . 65M. 

3636 : ; an ME 

4058 . ; 2 Hl; 

4159 . } . 1945 h. 








4214 . 
0 
4572 » 
4499 - 
4827 . 
4627 . 

Bas . 

386 . 
2343 - 


242830, 
4238. . 
a: 
4256 . 
un * 
4357 - 
4437 - 
ae 
4413 - 
4885 . 
4526 . 
4625 . 
4600 . 
4760 . 
4815 . 
4821. 
4879 - 
4883 . 


Sr 
17 M; 
16.8..IV 
3.mzVI, 
«os-Hb; 1. 
‚men.l. 
78.81. 
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It is interesting to inquire how far and in what manner 


the classification of nebulae as given by the spectroscope is 
in accordance with the classification made by the telescope. 
This information is given in the following table, drawn up 
by the present Earl of Rosse, by whom a revision has been 
undertaken of all the observations made with his father’s 
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great telescope of such of the nebulae and clusters as had 


been examined by Huggins. Continuous Spectrum of 


Spectrum. Lines. 

Clusters . ß i i i ; : ; 10 0 
Resolved, or apparently resolved . € © 0 
Resolvable, or apparently resolvable ; ev: 6 
Blue or green, no resolvability . ; ö rn 4 
No resolvability apparent ' ; i . 8 5 
31 15 

Not observed through Lord Rosse’s telescope 10 4 
Total " :. 19 


Half of the nebule giving a continuous spectrum have 
been resolved into stars, and about a third more are probably 
resolvable ; while of those yielding a spectrum of lines, 
not one was resolved by the late Lord Rosse. Considering 
the extreme difficulty attending investigations of this kind, 
there is scarcely any doubt that there is a complete accord- 
ance between the results of the telescope and spectroscope. 
Those nebuls, therefore, giving a continuous spectrum are 
clusters of actual stars, while those giving a spectrum of 
bright lines must be regarded as masses of luminous gas, of 
which nitrogen and hydrogen form the chief constituents. 
Although the spectroscopic investigation of nebula, notwith- 
standing the advance it has made, is still young, yet the 
results that have been already obtained give it an important 
place in all questions connected with the history of the 
Universe. The ingenious conclusions arrived at by the elder 
Herschel from the revelations made by his powerful reflec- 
tors, as to the existence of nebulous masses of so-called 
cosmical vapour, in which these masses were regarded as 
the germs out of which suns and solar systems might be 
evolved, have received strong support from the investiga- 
tions of the spectroscope, and have been elevated from the 
realm of pure speculation to that of deductions based on 
scientific data. 





PART SEVENTEI. 


RESUFIS :OF THE SPECTROSCOPIC INVESTIGA- 
TION OF COMETS AND METEORS. 














RESULTS OF THE SPECTROSCOPIC' INVESTIGA- 
TION OF COMETS AND METEORS. 





90. CoMETS. 


WE propose now to direct our attention to comets, a class 
of heavenly bodies singular in their aspect and transient in 
their appearance, remarkable alike for the mystery of their 
constitution and the peculiar nature of their orbits. These, 
though exceedingly diverse, have the sun for a common centre. 
While some comets have been found to move in closed orbits 
round the sun with a regular period. ‘of revolution, others 
seem suddenly to enter our system from the regions of 
space, and retreat again to be seen no more. The periodic 
comets are as follows :— 





Distance from the Sun. 








: Period. 
Comet. _ Perihelion. | Aphelion. 
Years. Mil s. 

Encke’s 34 289 Millions. | 350 Millions. 
Winnecke’s B. 69 “ | 501 * 
Brorsen’s 5 55 r | 516 = 
Biela’s 63 73 = | 564 ” 
Faye’s 73 Io 343 
Halley’s 76% 52 = DarsE ” 





While these comets have but a short period, there are 
others, such as the comets of 1858, 1811, and 1844, the 
calculated periods of which amount respectively to 2,100, 
3,000, and 100,000 years, or, to speak more accurately, their 
period of revolution is too vast for calculation. Great 
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diversities are also presented in the position the sun occupies 
in their orbits. While Encke’s comet is twelve times nearer 
the sun at its perihelion than at its aphelion, other comets, 
with an orbit extending beyond Jupiter, approach so close 
to the sun as almost to graze the surface. The comet of 
1680 approached the sun to within one-sixth of his diameter, 
and its temperature was estimated by Newton to have 
exceeded by 2000 times that of melted iron.* The comet of 
[843 was so near the sun at its perihelion that in conse- 
quence of its brilliant incandescence, it was seen in broad 
daylight. 

Most comets exhibit a central disc more or less bright, 


called the »uc/eus, which is surrounded by a fainter cloudy 
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July Comet on 3rd July, 1861. 


or nebulous envelope, the coma ; the nucleus and coma form 
the head of the comet. In powerful telescopes the nucleus 
of a comet becomes so nearly reduced to a point that its 
existence seems after all a matter of doubt. In almost all 
comets visible to the naked eye there streams out from the 
head a fan of light—the tail, which varies greatly in width 
and length as well as in form, being sometimes straight, 
sometimes curved, but almost always turned away from the 


sun. The tail occasionally divides into two or more portions, 


* [This was a speculation founded on the law that Newton had 
promulgated regarding the relation between temperature and radia- 
tion. The sun itself cannot be by any means 2,000 times the tem- 
perature of molten iron, and, therefore, it would be incapable of 


raising the temperature of the comet to that degree of heat. ] 
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an instance of which is given in Fig. 269, showing the aspect 
of the comet of July 1861 ; in the comet of 1844 the tail 
consisted of six streamers. 

Comets that are too small or too remote to be seen by the 
unassisted eye are usually without a tail, and differ little in 
appearance from a nebula, an example 
of which is given in Fig. 270, represent- 
ing Donati’s comet as first seen on the 
2nd of June, 1858. 

Comets are transparent in every part, 


and cause no refraction in the light of 





the stars seen through them. DBessel 
observed a star through Halley’s comet Donati’s Comet on 


ER: - n 2nd June, 1858. 
within a few seconds from the centre 


of the nucleus, without any diminution in the star’s light 
being noticeable, and Struve made a similar observation 
with regard to Biela’s comet. From accurate measures 
taken of the position of the stars it was ascertained that no 


effect of refraction was produced by the comets. 





Donati’s Comet on 5th October, 1858. 


Similar observations were made with respect to Donati's 
comet of 1858 (Fig. 271), and the comet of July 1861 (Fig. 
272). Close to the head of the former, where the tail was 
about 54,000 miles in thickness, Arcturus was seen to shine 
with undiminished brightness ; while in both comets a num- 
ber of stars appeared of their full brilliancy even through 


29 
ar 
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a much thicker portion of the tail. The nucleus of the 
comet of 1828 was about 528,000 miles in diameter, and 
yet Struve saw a star of the eleventh magnitude through it, 
a fact which seems to justify the conclusion that a comet has 
no influence to dim the light of a star. 

The nebulous envelope, or coma, is also subject to changes 
in form and size, according as the comet approaches or 
recedes from the sun. It might be expected that the coma 


on approaching the sun would expand by the extreme 





July Comet on 2nd July, 1861. 


heat; but exactly the reverse has often been observed. In 
Encke’s comet, for instance, on its appearance in 1838, the 
diameter of the coma on the gth of October was 285,480 
miles ; on the 25th of the same month it was 122,616 miles ; 
on the 23rd of November it measured 39,302 miles; and on 
the 17th of December it was only 3,038 miles. 

The persistent position of the tail away from the sun is 
clearly shown in a drawing by Professor Müller, given in Fig. 
273. Inthe map the position of the sun is marked on the 


lower line for the 27th of September, and the Sth and 14th 


COMETS. 501 


of October, and these places are connected by straight lines 
with the places of the comet for those dates. The tail appears 
always curved, with the convex side towards the direction 


of the comet’s motion, and this edge is the most sharply 


8 
\ 
E) 
a 
$ 


Comet, 


Orbit of Donati’s 


rpio 


* 
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defined, as if some resisting medium had impeded the 
advance of the tail. 
As a comet approaches the sun, the tail is observed t 


Increase, whence it may be concluded that the sun contributes 
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essentially to its formation, and produces a separation of 
material particles from the head of the comet. The length 
of the tail is rarely less than 500,000 miles, and in some 
cases it extends as far as I00,000,000 or 150,000,000 miles. 
The breadth of the tail of the great comet of I8II at its 
widest part was nearly 14,000,000 miles, while its length was 
116,000,000 ; and that of the second comet of the same year 


extended to even 140,000,000 miles. Notwithstanding these 





Head of the Comet of IS61, as observed by Secchi on 30th June. 


enormous dimensions, the formation of the tail takes place 
in a very short space of time, often in a few weeks, or even 
days. 

The influence exercised on the formation of the tail by the 
sun was shown in the comet of 1680, which at its perihelion 
travelled at the rate of 1,216,800 miles in an hour, and put 
forth a tail 54,000,000 miles in length in two days. 


It is very probable that our earth actually passed through 
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the tail of the magnificent comet of July 1861, on the 30th 
of June of that year, but no indication of such a contact 
was evinced. This comet suddenly appeared in the northern 
heavens on the day previous; the telescopic appearance 
of the head as observed by Secchi is shown in Figs. 274 
and 275. 


The comet of 1776 passed among the satellites of Jupiter 


FıG. 275. 





Head of the Comet of 1861, as observed by Secchi on Ist July. 


without disturbing their position in the slightest degree, 
But this was not the case with the comet, for the influence 
of the planet was so great on its small mass as to force it 
to take an entirely new orbit, which it now accomplishes in 
about twenty years. 

Upon the approach of a comet to the sun a process begins 


In the nucleus presenting the appearance, in a telescope, of an 
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emission of luminous matter. This phenomenon was first 
noticed by Heinsius in the great comet of 1744, and after- 
wards by Bessel in Halley’s comet (1835), and by him 
carefully observed during several days. It assumed the form 
of an outspread fan, and its central line was pointed at first 
nearly in the direction of the sun, but soon this direction 
changed, and it alternately vibrated to the right and left of 
the radius vector, so that the issuing cone of light exhibited 
an oscillating or revolving motion. The outflow from the 
nucleus appeared to be most vigorous when directly pointed 
towards the sun, and always decreased in energy in pro- 
portion as it departed from the radius vector, ceasing entirely 
when the cone of light was on the point of reversing its 
oscillation. It was noticed further by both observers that 
the outstreaming matter, after advancing a certain distance 
towards the sun, bent round in an outward direction, rushing 
away from the sun with great velocity on either side 
of the nucleus. "The phenomena were identical so far 
that the outflow of the comet’s substance towards the sun 
occasionally takes place at periodic intervals. In the comet 
of 1862, the first stream of vapour had scarcely subsided 
when a second burst forth, and when this seemed to be 
exhausted the first reappeared. In the comet of 1858 
(Donati) and that of 1861 a number of such luminous streams 
appeared, thrust out towards the sun, which on reaching a 
certain point were bent round in an opposite direction till 
they reached the tail by a number of elongated arches in the 
manner shown in Figs. 274 and 275 from Secchi’s drawings, 
in which the sharp outlines are a little exaggerated. 

The rapidity with which the expelled matter rushes 
away from the sun to form the tail is often extra- 
ordinary. From careful measures of the tail of the great 
comet of 1811 Olbers found that it extended over 120,000 
geographical miles, and that this enormous distance wa 
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travelled by the attenuated substance of the comet in a 
little more than eleven days. 

We must now consider the remarkable phenomenon of a 
comet becoming separated into two parts, each: pursuing an 
orbit of its own. Such an occurrence happened to Biela’s 
comet while under observation in the year 1845. When 


‚observed on the 26th of November, it appeared as a faint 


nebulous spot, nearly circular, increasing in density towards 
the middle. On the Igth of December it was rather more 
elongated, and ten days later it had become divided into two 
separate cloudy masses of equal dimensions, each furnished 
with a nucleus and tail, and for three months one followed 
the other at a distance of one-tenth, subsequently one-fifth 
of the moon’s diameter. In conformity with the period of 
the comet, they appeared again in August 1852, but the 
distance between them had much increased, and from 154,000 
miles, it had now reached 1,404,000 miles. The return of 
this comet was expected in the year 1859, and again in 1866, 
when, from its close proximity to the earth’s orbit, it must 
have been visible. Notwithstanding the most diligent search, 
however, the comet could not be found, and it would seem 
that it has ceased to be a comet, and has passed into some 
other form of existence. 

In considering the physical constitution of comets it is 
important first to ascertain whether they are self-luminous 
or shine by the reflected light of the sun. Their trans- 


_ parency has been explained by the supposition that they are 


either composed of a gas in a state of extreme rarefaction, 
or of numberless small solid particles, individually separated 
by intervening spaces through which the light of a star can 
pass without obstruction, and which, held together by mutual 
attraction, move through space like a cloud of dust. It is 
also not impossible that comets without a nucleus are masses 
of gas at a white heat, of similar constitution to the nebul. 








506 SPECTRUM ANALYSIS. 


The first t0 examine comets spectroscopically was Donati, 
at Florence ; he observed the spectrum of the comet I., 1864, 
and found it to consist of three drzght lines. 

Tempel’s comet was observed in January 1866 by Secchi 
and Huggins, who found that it yielded a continuous spectrum 
exceedingly faint at the two ends; a bright line, situated 
about half-way between d and F of the solar spectrum, was 
seen by both observers, and two additional faint ones were 
noticed by Secchi. 

In the years 1866 and 1867 Huggins observed the spectra of 
two small comets, and found them to consist of a continuous 
spectrum, as well as of one of bright lines. These observa- 
tions show that a gas in a state of luminosity is present in 
the comet, and that from some portions of the comet sunlight* 
is also reflected. 

The year 1868 brought the return of two periodic comets 
of greater brilliancy, the comet of Brorsen (l.) and that of 
Winnecke (I].). 

The telescopic aspect of Brorsen’s comet (I., 1868) was 
that of a nearly circular nebula, in which the brightness 
rapidly increased towards the centre, but in which the 
existence of a nucleus was doubtful; there was only the 
faint trace of a tail, or more properly merely a slight ex- 
pansion of the coma on the side away from the sun. 

Secchi examined this comet with a simple direct-vision 
spectroscope, and compared the spectrum with that of Venus, 
bringing the planet and the comet alternately into the same 
place in the instrument. 

Huggins observed the same comet from the 2nd to the 13th 
of May, and found, with Secchi, that the spectrum (Fig. 276, 
No. 5) was discontinuous, consisting of three bright bands ; 
the length of the spectrum showed that the light was not 


* [This is only the case if the continuous spectrum be traversed 
by Fraunhofer lines. ] 
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exclusively that of the nucleus, but included that of the coma. 
The brightest band was in the green, about half-way between 
the Fraunhofer lines ö and F. When the sky was very 
favourable, this band seemed reduced to a single bright line. 
The second band, less intense, but still very bright, was 
situated in the yellow-green, nearly in the middle of the 
space between the Fraunhofer lines d and D. The third 
band was in the blue, towards the violet, about a third of the 
distance between F and G. Occasionally another band could 
be traced in the red, but it was difficult to fix its place. 

An extremely faint light, not shown in the drawing, indi- 
catedthe presence of a very faint continuous spectrum. 

By narrowing the slit, these luminous bands could not be 
resolved into lines, which is the case with the bright bands 
of nebulse ; it only produced a weakening of the bands of 
light until they completely disappeared. 

The spectrum of Brorsen’s comet bears a great resem- 
blance to that observed by Donati ; but it differs essentially 
from the spectrum of a nebula, not only in its character, but 
also in the position of the bright bands. A comparison of 
these two spectra (Fig. 276, No. 5 and No. 7) shows this at 
a glance. | 

Comet II., 1868, was first observed on the 13th of June, 
by Dr. Winnecke, in Carlsruhe, and soon attained sufficient 
brightness to be seen by the naked eye as a star of the 
seventh or eighth magnitude. The diameter of the nucleus, 
including the extremely faint luminous envelope, amounted 
to about 6’ 20”, the length of the tail being more than 1“. 
The tail went straight out from the coma, and seemed to 
have no connection with the bright nucleus. The following 
side, that turned away from the direction of motion, was 
sharply defined, while the other side gradually lost itself in 
space. 

When Secchi examined the comet on the 2ıst of June 
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with a simple spectroscope without a slit, the spectrum was 
seen to consist of three brilliant bands, the brightest of which 


was ın the green, another less bright in the yellow, and the 


FıG. 276. 


Solar Spectrum. 
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Spectra of Brorsen’s and Winnecke’s Comets compared with the Spectra of 
the Sun, Carbon, and the Nebula 





faintest in the blue. With one of Hofmann’s direct-vision 
spectroscopes the three bands were well defined, and the 


dispersed light had disappeared. On comparing the position 
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of these lines with those of the spectra of various metals, it 
was found that the middle one lay very near to the magnesium 
line 5, but the spectrum was not in full agreement with that 
of any metal. A great resemblance was noticed, however, 
to that of hydrocarbon, which led to the conclusion that 
the light from the self-luminous part of the comet was pro- 
duced by that substance. | 

Huggins investigated Winnecke’s comet with a spectro- 
scope consisting of two prisms of 60, and has given a 
drawing of the spectrum, together with the spectra of the 
substances with which it was compared. In Fig. 276, No. 4 
is the spectrum of the comet, No. 2 that of the electric 
spark in olive oil, No. 3 the electric spark in olefiant gas ; 
No. 6 gives the prineipal lines of some of the substances 
brought into comparison by means of the electric spark 
(N. — nitrogen, ©. == oxygen, H. — hydrogen, Mg. — mag- 
nesium, Na. — sodium). 

The apparatus employed by Huggins for these comparisons 
is shown in Fig. 277. The olefiant gas was contained in the 
glass bottle a, from whence it flowed through the tube 5, 
into which were soldered two platinum wires e and f. At 
the place where the spark was to pass a hole was bored 
through the glass tube, the edges of the opening carefully 
ground, and the opening closed by a smooth plate of glass. 
The light of the glowing gas was thrown by the small mirror 
c on to the prism in the interior of the tube, by which it was 
reflected on to the lower half of the slit, while the light of 
the comet was received upon the upper half. The spark 
spectrum of the olefiant gas was thus brought into juxta- 
position with the spectrum of the comet, so as to admit of an 
exact comparison. 

Secchi's observations have been confirmed by those of 
Huggins ; the spectrum of the comet consisted of three broad 
bright bands, sharply defined towards the red, but fading 
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away on the opposite side ; Huggins did not succeed in 
resolving the bands into sharp lines, but the middle and 
brightest band appeared to commence with a well-defined 
bright line. When the slit was placed on the edge of the 
coma the three bands were still distinguishable, but when 
the slit was directed to the fainter light of the tail the 


spectrum appeared to be continuous. 


BiG. 277 




































































































































































Huggins’ Apparatus for observing the Spectra of Hydrocarbons. 


If the spectrum of the comet be compared with that of 
carbon disengaged from olive oil or olefiant gas by the heat 
of the electric spark, the resemblance disappears.* The 
lines of hydrogen, moreover, belonging to the spectrum of 


* [This statement is not correct. Huggins found, as may be seen 
in Fig. 276, the spectrum of this comet to be apparently zdenfrcal 
with that of carbon as obtained by the passage of the induction 
spark in olefiant gas, not only in the position in the spectrum of the 
bands, but also in their general characters and relative brightness. 








COMETS. 5ıı 


olefiant gas are not visible in the spectrum of the comet, so 
that there appears ground to consider this spectrum of bright 
bands to be that of carbon, and not that of any stable 
hydrocarbon, for Huggins found the same bands, together 
with the lines of nitrogen, when the spark was taken in 
cyanogen, and a spectrum essentially the same, but less 
complete, when compounds of carbon with oxygen were 
employed. 

The same comet was spectroscopically observed by H. M. 
C. Wolf at Paris. It was remarked also by him that the 
three bright bands separated from each other by perfectly 
dark spaces could not be condensed into lines by narrowing 
the slit, and thus the spectrum offered no analogy to that of 
a nebula. 

The spectrum of comet I., 1870 (Winnecke), was examined 
by Wolf and Rayet; it consisted, like the spectra of earlier 
comets, of three bright bands which spread out upon a 
continuous spectrum. Huggins found the wave-length of 
the brightest portion of the central band to be about 510 
millionths of a millimetre, that of the second band to be 
545 millionths of a millimetre, while the position of the third 
band could not be ascertained on account of its faintness, 

In December 1871, Young observed the spectrum of Encke’s 
comet, and found it to consist, as shown in Fig. 278, of three 
bright bands, of which the central one was the most promi- 
 nent. On the least refrangible side the bands were some- 
what sharply defined, while on the other they were diffused. 
Of a continuous spectrum there was no trace, and the 
spectrum was the same from every part of the comet. 


The spectrum of Brorsen’s comet, as shown in the diagram No. 5, 
does not agree with that of carbon. The spectrum of carbon as 
obtained when the spark passes in olive oil, No. 2, differs from 
No. 3 only in that the bands are resolvable into fine lines. The 
component of olefiant gas, hydrogen, is omitted in the diagram. ] 
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Ihe wave-lengths for the sharply-defined edges of the three 
bands as determined by Young from the mean of measures 
extending over four days are in millionths of a millimetre 
as follows: 557°5, 517'4, 470'2. On the first of December, 
at 5h. 45m. Washington mean time, the comet passed 
almost centrally over a star of the ninth magnitude, so that 
in the nine-inch refractor with a power of 200 the star was 
seen as the nucleus of the comet. In the spectroscope its 
presence was indicated by the sudden appearance of a narrow 
longitudinal spectrum in the centre of that of the comet. 


Comet V., 1873, was examined by Vogel on the 3rd, 6th, 





52 5/3 5j4 5/5 5[6 5/7 5j8 


Spectrum of Encke’s Comet, 1871. 


and IIth of September. The spectrum consisted of three 
bright bands sharply defined towards the red. A comparison 
with the spectrum of carbon showed a remarkable coincidence 
between the two. The wave-lengths for the edge of the 
bands towards the red were 5637, 517'5, and 472°7. 

The first comet of any brightness that appeared after the 
discovery of spectrum analysis was that discovered by Coggia 
on the ı7zth of April, 1874. It was carefully examined by 
Huggins during the first half of July. As soon as the slit 
extended over 'the nucleus on to the coma there appeared 
a spectrum of three bright bands ‘in addition to the 


continuous spectrum, apparently due to the light of the 
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nucleus. There seemed also to be a second continuous 
spectrum accompanying the gas spectrum of the coma. 
Huggins could not decide whether in the continuous spectrum 
of the nucleus any dark lines were present, but D’Arrest was 
convinced of the existence of absorption bands, and noticed 
that the spectrum was shorter and fainter than that of a star 
of similar brightness.. He remarked also upon the extreme 
faintness of the third band, wave-length 470. 

This comet was carefully examined by Vogel. The 
position in wave-lengths of the three bands as determined 
by their sharp edges is as follows :— 

LE IE, Ill. 
Millionths of a Millimetre . 562°5 Bunt 4716 

Estimations for the wave-lengths of the point of maximum 
brightness in the bands and of the diffused edge towards the 
violet were as follows :— 


r, Il Bu 
Brightest spot . ö n. BRSEB 5ır'd 468°9 
Edge . ; ; ; BT 500 465 


Upon the reappearance of Brorsen’s comet in 1879, it was 
spectroscopically observed by Konkoly. The spectrum showed 
the usual three bright bands and a continuous spectrum 
extending from 573'2 to 455 millionths of a millimetre wave- 
length, which could not have been due solely to the nucleus, 
but must have belonged to the whole nebulous mass, as the 
breadth was equal to that of the bands. 

In the spectrum of comet IV., 1880, Konkoly observed four 
bands, of which the fourth was very faint. Wave-length in 
millionths of a millimetre, 561°0, 549'2, 516°3, and 485°6. 

From the observations hitherto made, it appears that the 
typical spectrum of a comet consists of three bands with 
edges, sharply defined towards the red, and diffused towards 
the violet. The brightest portion of each band is not, how- 
ever, of the same wave-length in each comet. The resem- 
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blance between the spectrum of a comet and that of the 
hydrocarbons is so great that it is scarcely possible to 
escape the conclusion that in the denser parts of the comet 
compounds of carbon with hydrogen must be present in a 
state of incandescence. In view of the tremendous con- 
vulsions which occur in the constitution of a comet, as revealed 
by telescopic observation, in which the motion of vaporous 
masses is on a scale commensurable only with the eruptions 
which take place on the sun’s surface, the idea naturally 
suggested is that of a simultaneous development of prodigious 
heat. 

With regard to the constitution of a comet when at a 
distance from the sun Olbers considers that the particles of 
which a comet is composed must be so near the point of 
volatilizing, that a slight increase of temperature would cause 
volatilization to set in, or give rise to some other repulsive 
force. 

As the result of close reasoning upon the stability of 
cosmical matter, Zöllner arrived at the conclusion, that a 
detached mass of vapour or gas floating in space could not 
assume a condition of equilibrium, but by a gradual process 
of attenuation must eventually lose itself in space. Hence 
Zöllner assumes that the cosmical substance of a comet is 
liquid. 

In explanation of the outflow of the nucleus towards the 
sun, and the consequent formation of a tail in the opposite 
direction, it had been assumed by Olbers that the vapour 
developed from the comet and its atmosphere was expelled 
not only by the comet, but also by the sun. 

Bessel has expressed almost similar views upon the forma- 
tion of the tail, and concurs with Olbers in rejecting the 
hypothesis of Newton that tails of comets are formed by the 
lighter particles ascending through the denser medium of 
ether in the same manner as smoke, or a balloon, ascends 
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from the earth in our atmosphere. The formation of the 
stream of vapour and of the tail he attributes to a polar 
force comparable to the action of electricity or magnetism, 
but without stating what is to be understood by polar force. 
The phenomenon of the tail’s formation is explained by 
Bessel on the assumption that the repulsive action of this 
polar force of the sun decreases in different parts of the 
comet’s orbit in proportion to the square of the distance, and 
that the particles of the tail, after. they have travelled beyond 
the sphere of attraction of the comet, may be regarded as 
free particles of matter upon which the sun’s influence is 
alone felt. 

_ The observations of Pape and Winnecke upon the bright 
comets of 1858 and 1862 were similar to those of Olbers 
and Bessel as to the outflow of streams from the nucleus 
and their variation in direction. In the comet of 1862, this 
motion was also seen to assume an oscillatory character, 
which has been explained by Winnecke as follows :—“ The 
reaction of the issuing stream, the direction of which rarely 
passes through the centre of the nucleus, gives to the nucleus 
a rotatory motion which ceases and assumes another direction 
as soon as a second stream from another point overcomes 
the expiring efforts of the first.” 

In Bessel’s elaborate treatise upon Halley’s comet, the 
curve in the tail is regarded as the united effect of the comet’s 
motion and the repulsive power of the sun upon the attenu- 
ated particles issuing from the nucleus. Professor Bredichin, 
of Moscow, in developing this theory, assumes further 
that the amount of curvature depends upon the specific 


gravity of the substance composing the tail, and has arrived 
at the conclusion that comets may be divided into three 
classes. In the first type hydrogen forms the chief con- 
stituent, in the second the hydrocarbons, and in the third 
iron, chlorine, etc. 
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The kind of repulsive force exerted by the sun upon the 
material of the comet has not yet been discovered. Zöllner 
regards it as identical with electricity. 

The connection of comets with meteor-swarms will form 
the subject of a future page. 


gI. THE CoMmET WeEıLs, 1882. 


From the position and appearance of the bright bands 
forming the spectra of comets, there is little doubt that in 
the comets hitherto examined carbon, hydrogen, nitrogen, 
and apparently also oxygen are present in a state of incan- 
descence. The comets thus examined numbered about twenty, 
which seemed to afford good ground for concluding that all 
future comets would present a spectrum of similar type. The 
recent investigation of the Wells comet, discovered in 1882, 
revealed the remarkable fact that its spectrum was of an 
entirely different order. 

During the month of May, 1882, the spectrum of this 
comet was examined by several observers, and found to con- 
sist of the well-known three bright bands, although consider- 
ably fainter than was to be expected from the brightness of 
the comet. On the 3ıst of May it was noticed, both at 
Potsdam by Professor Vogel and at Greenwich by the 
Astronomer Royal, Mr. Christie, that upon the continuous 
background of the spectrum an intense bright yellow line 
was visible, which was at once recognized as coincident with 
the double line of sodium. On the 5th of June the two 
sodium lines appeared of very different intensity ; the most 
refrangible was very much brighter, and about five times 
broader, than the other, and diffused at the edges. This would 
lead to the supposition that the density of the incandescent. 
sodium vapour was very great.* 


* [This reasoning is by no means obvious. Laboratory experi- 
ments on sodium vapour do not confirm this supposition. ] 
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In comparing the lines of the comet with those of sodium 





Vogel repeatedly received the impression that the centre of 
the broad line in the comet’s spectrum was not exactly 
coincident with the corresponding line D, of the flame, but 
was displaced somewhat towards the red. If this were so, 
the slight displacement could only be explained by the 
motion of the source of light away from the observer, and, in 
reality, at the time of the observation the comet was moving 
in a direct line away from the earth at a speed of more than 30 
miles per second, corresponding to a displacement amounting 
to „4; of the separation of the D-line, an amount quite per- 
ceptible with the dispersive power employed. 

The sodium lines were visible not only in the nucleus, but 
were very intense in other parts of the comet. The light of 
the incandescent sodium vapour overpowered so completely 
all other rays of the comet’s own light, as well as all reflected 
light, that the comet, when viewed without a spectroscope, 
appeared of a yellow colour, and, when observed by Vogel 
with a wide slit, the whole form of the comet was seen with 
the yellow light of the wave-length D in a manner similar to 
the observation of the solar prominences. 

An unfavourable change in the weather prevented any 
further observations. 

At Greenwich the spectrum of the comet was first observed 
on April 24th. There were then faintly visible places of 
maximum intensity in the green and the blue-green. On the 
i3th of May a brighter band near the E-line was suspected. 
On the 20th of May the spectrum presented the same 
appearance except for the indication of three dark bands, 
of which the central one had a wave-length of 5500 ten- 
millionths of a millimetre, and the third was situated near 
D, towards the blue. The spectrum of the nucleus ex- 
tended from wave-length 4300 to 6150 ten-millionths of a 
millimetre. The tail showed a faint continuous spectrum, 
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visible only in the green. On the zıst of May, two dark 
bands appeared in the spectrum of the nucleus near F, the 
least refrangible of which was found to have a wave-length 
of 4862 ten-millionths of a millimetre. There was also a 
bright stripe in the red of which the wave-length was ap- 
proximately determined to be 5146 ten-millionths of a milli- 
metre ; a second bright stripe had apparently a wave-length 
of 5328, and finally there was a dark band near D towards 
the blue. On the same evening, the yellow line in the 
spectrum of the comet’s head was first noticed by Christie, 
which on June 8th was found to have gained considerably 
in intensity. Asa result of the intense nature of this yellow 
light, the nucleus of the comet appeared in the telescope of an 
orange colour. The yellow line, when compared with the 
D-line, appeared somewhat displaced towards the red, but the 
amount of displacement could only be estimated, and repre- 
sented a movement of the comet away from the earth at a 
speed of 79 miles per second. 

The coincidence of the bright lines with D observed by 
Vogel was confirmed by Professor Bredichin of Moscow, by 
whom the image of the nucleus was also seen by the yellow 
light admitted through a widened slit. 

The yellow line was observed on the 3rd of June by Duner, 
at Lund, and the wave-length determined by direct measures 
to be 589'45 millionths of a millimetre. The bright line 
was to be seen in the tail to a distance of I from the nucleus. 
On the 5th of June Duner again saw the bright line, and 
found that its intensity had increased. The wave-length as 
measured on this occasion was 589°0 millionths of a milli- 
metre, or the mean of all the measures 598°2, which coincides 


with the wave-length given by Ängström for the central point 


between the two D-lines. 
At Pulkova the comet was spectroscopically observed by 
Hasselberg, on June 4th, 5th, and zth. The bright yellow 
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line was seen, and its coincidence with the sodium line esta- 
blished, but of the usual three bands not a trace remained. 
As they had been seen by Bredichin, Konkoly, and Vogel, 
during the latter half of May, a complete change in the 
‚spectrum of the comet must have taken place since the end 
of that month. The appearance of the bright sodium line 
might easily be explained by the increase of temperature to 
which the comet would be exposed on its approach to the 
sun ; perihelion was reached on the 1oth of June, but this 
would not explain the disappearance of the three bands. 
If, for instance, sodium be burnt in a flame of hydrocarbon, 
the spectrum of the hydrocarbon is not the least affected 
by the addition of the bright sodium line; but if the 
spark be employed, a very different phenomenon presents 
itself. If sodium steeped in naphtha be placed in a Geissler 
tube, and, after the air has been exhausted, a powerful elec- 
tric current from a Ruhmkorff induction coil in connection 
with a Leyden jar be passed through, an intense spectrum 
of the vapour of hydrocarbon will be formed. If the tube 
be heated till the sodium be vaporized, the hydrocarbon 
spectrum is at first intensified, but, as soon as all the sodium 
is vaporized, the spectrum of the hydrocarbon will almost 
disappear, while the yellow sodium line is extremely brilliant. 
If by a decrease of temperature the sodium vapour becomes 
condensed, its spectrum gradually fades, while that of the 
hydrocarbon again becomes brilliant. Hence it appears that 
in a mixture of the vapours of sodium and naphtha the sodium 
alone conducts the electrie current. If it be assumed there- 
fore that the light of the comet is chiefly caused by electric 
discharges within its substance, the analogy it presents to the 
phenomena of the spectra of mixed vapours is very striking. 
This has led Hasselberg to the conclusion that in the 
comet Wells the sodium became vaporized under the action 
of the solar heat, and that the observed phenomena were 
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chiefly caused by electrical discharges in the body of the 
comet. 

It has been shown both by Alexander Herschel and 
Konkoly that variations occur in the spectra of the periodic 
meteor-swarms ; it is not, therefore, surprising if under the 
action of solar heat chemical constituents should be found 
in the nucleus of a comet wholly different from any before 


observed. 


92. PHOTOGRAPHS OF THE SPECTRA OF COMETS. 


In the observations of the spectra of comets hitherto con- 


ll 


Huggins’ Photograph of the Spectrum of Comet Il. 1881. 


K ” 


if 








sidered, the examination has been restricted to the visible 
spectra. Huggins was the first who had the good fortune 
to obtain a photograph of the spectrum of a comet, that 
of comet I1I., 1851, which he accomplished by means of the 
apparatus described in $ 85. A drawing from the photograph 
is given in Fig. 279. It shows a continuous spectrum extend- 
ing from about G to K, in which various Fraunhofer lines are 
visible, among others G, A, H, and K. The visibility of these 
lines is important as evidence that the continuous spectrum 
is due to reflected sunlight. 

A second spectrum is also present consisting principally of 
two groups of bright lines. These evidently arise from the 


three bands of which the visible spectrum is usually com- 
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posed. Careful measures of the position of the bright lines 
in the ultra-violet portion of the spectrum led Huggins to 
suggest that they coincided with the lines shown by Liveing 
and Dewar to be found in the spectrum of cyanogen. A few 
days later the same spectrum was photographed by Draper. 
The bright lines were visible, but there was no indication of 
the Fraunhofer lines. 

With the same apparatus Huggins succeeded on the 31st 
of May in photographing the spectrum of comet Wells, the 
exposure being an hour and a quarter. For the sake of 
comparison the spectrum of a Urs& majoris was photographed 
on the same plate. The spectrum of the comet Fig. 280 


was continuous and bright from F to a little beyond H. No 











Photographed Spectrum of the Comet Wells, by Huggins. 


Fraunhofer lines were visible. The slit of the spectroscope 
was somewhat wider than when photographing the spectrum 
of the comet of 1881. This would tend to diminish the 
sharpness of the lines, but in the spectrum of a Ursz& majoris, 
photographed under similar circumstances, the lines G and H 
are clearly to be distinguished. From this Huggins concludes 
that the portion of the light peculiar to the comet by which a 
continuous spectrum is formed is much greater in proportion 
to the reflected solar light than in the comet of 1881. 

The photograph of the spectrum, as was to be expected, 
exhibited in the most refrangible part a type wholly at 
variance with any before observed. The prominent group of 


lines in the ultra-violet due to cyanogen were not visible in 
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the photograph, nor were the bright groups of lines between 
G and h and between A and H. The head of the comet seen 
through the slit appeared sharply defined, as was also the 
continuous spectrum formed by the nucleus, which in this 
comet was very marked. In the continuous spectrum there 
were at least five places of maximum brightness, which 
Huggins considered were most probably due to groups of 
lines not defined in the photograph, as in the photograph 
the bright places projected on one side beyond the continuous 
spectrum.* This side corresponds with the light that came 
from the portion of the nucleus turned towards the sun. 
The photographic image was too faint to measure exactly 
the commencement and termination of the groups. The 
wave-lengths of the brightest portions in ten-millionths of a 
millimetre were as follows: 4253, 4412, 4507, 4634, 4769. 


93. FALLING STARS, METEOR SHOWERS, BALLS OF FIRE 
AND THEIR SPECTRA. 


No one can observe the heavens on a clear night with 
some amount of attention and patience without noticing the 
phenomenon of a falling star, or meteor which suddenly 
appears in the heavens, and shooting across the sky, vanishes 
after a few seconds. As a rule, meteors can only be seen of 
an evening, or at night ; but in some instances their brilliancy 
has been so great as to render them visible in the daytime. 


It sometimes happens that the number of meteors is so 


great that they pass over the heavens for hours together 
like flakes of snow. Before sunrise on the morning of the 
12th of November, 1799, Humboldt and Bonpland, when on the 


[* In a photograph of a continuous spectrum, on which bright 
lines are superposed, it frequently happens that on the negative 
the bright lines project beyond the continuous spectrum. Accord- 
ing to common optics this should not be the case, but it can be 
accounted for on other grounds.] 
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coast of Mexico, witnessed during the space of four hours 
the fall of thousands of meteors, most of which left a track 
behind them of from 5° to 10° in length ; some exploded, and 
others, with a nucleus as bright as Jupiter, emitted sparks. 

On the 12th of November, 1833, there fell a similar shower, 
in which, according to Arago's estimation, two hundred and 
forty thousand passed over the heavens in three hours. The 
phenomenon again occurred in 1866, and was watched by 
many observers. Öccasionally these fiery substances fall 
upon the surface of the earth ; they are then termed meteoric 
stones, aerolites, or meteoric iron. They are also designated 
chance meteors or meteoric showers, according as to whether 
they traverse the heavens singly in various directions or 
appear in great numbers following a common path, thus 
indicating that they are parts of a great whole. 

It has been ascertained through the researches of Schia- 
parelli, Le Verrier, Weiss, and others, that these meteors 
are fragmentary masses, revolving round the sun in orbits 
erossing that of the earth, and that, when drawn by its 
attraction into our atmosphere, they are set on fire by the 
heat generated through the resistance offered by the com- 
pressed air. 

The chemical analysis of those meteors which have fallen 
to the earth proves that they are composed of terrestrial 
elements. Their chief constituent is metallic iron, mixed 
with various silicious compounds ; in combination with iron, 
nickel is always present; among the silicates, olivine and 
 augite are of most frequent occurrence. In the meteoric 
stones hitherto examined, the following substances have been 
found, oxygen, hydrogen, sulphur, phosphorus, carbon, alu- 
minium, magnesium, calcium, sodium, potassium, manganese, 
titanium, lead, lithium, and strontium. 

Aerolites may be divided, as Gastav Rose suggests, into 
two classes, iron and stone. The first are distinguished 





Zu 
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chiefly by the presence of nickel; the latter contain principally 
hydrogen, silicic acid, silicate, clay, and lime. 

Of late it has been discovered that in many, and probably 
in all, meteors certain gases are enclosed, especially hydro- 
gen and carbonic acid gas, which may be disengaged by the 
process of heating in an air-tight vessel. Graham, who was 
one of the first in this field of research, showed that in the 
iron of the Lenarto meteorite which fell at an unknown date, 
the hydrogen contained equalled nearly a third of the volume. 
The gases of meteors have since been studied by Wright, by 
whom specimens of both kinds, five of iron and five of stone, 
were subjected to chemical analysis. The following results 
were obtained : the figures in the first series give the volume 
of gas in each meteor at a temperature of 500° C. ; the figures 
in the second series refer to a temperature of red heat. 


(@) METEORIC IRON. 


Meteorite Volume of Constituents of the Gas. 
of enclosed CO, 
gas. 
Tazewell ber 187 18'34 38°45 41'5I 
1:30 7'76 45°75 44'76 
Singlespring ... 0'65 19'98 13'52 60'92 
0'32 1'I0 10'39 84'40 
Ava .. do 8:89 18'20 38°72 40'62 
3824 11'25 74'59 12'84 
ERS 2 en 1'10 9'76 8°43 81'81 
0'19 2'18 4858 49'24 
Dickson au 22 13'30 15'30 7140 


BESEBEITE 


(#) METEORIC STONE. 


OHIO Fe 206 82'28 2'16 1237 
RS 1679 871 69°43 

Pultusk ass 0'099 81'01 1'99 1336 
076  33'97 735 49'99 

Parnalee «u 156 87'53 113 872 
117 7243 2'533 20703 

\Weston er 2:09 86'29 184 8:59 
0'80 62'18 3°43 28'16 

Iowa ... er 1'04 58°04 4’01 34'82 
146 19'16 0'21 7449 













. . 
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The two tables exhibit a striking contrast in the com- z 
position of the iron and stone meteorites; the latter at a 






lower temperature yield a much larger volume of gas, and 






the composition of the gas also widely differs. In the 





meteoric-. iron at a temperature of 500° C. the carbonic acid 







gas never amounts to 20 per cent. of the entire volume, while 





with one exception the carbonic oxide is proportionally con- 






siderably greater. In the meteoric stone, on the contrary, the 






‚proportion per cent. of the carbonic oxide is very small, while 






at a temperature of red heat the carbonic acid gas exceeds 






half the volume of all the gas present. The extreme pre- 











‚ponderance of carbonic acid gas may be regarded, according 





to Wright, as the chief characteristic of the stone meteorites, 
and it is further remarkable that the spectra from these 









meteoric gases are very similar to the comet spectra of three 
bright bands. 
Dr. Flight has recently made the analysis of the gases 










‚contained in a meteoric stone immediately after its fall, and 





obtained the following results : 










Carbonic acid gas . : e : ; } Ä 0'12 
Carbonic oxide ? ä i . a ; : 31'88 
Hydrogen i “ . : : . 45'79 
Carburetted hydrogen . 5 ; ; i 3 4'55 
Nitrogen . . i i F : . E 1766 

100'00 


The opinion seems unanimous that the gases found within 
the meteors could not have been introduced from our atmo- 
sphere during the short period of their fall ; moreover, the chief 
constituent of the gas is hydrogen, of which but a small 
amount exists in the atmosphere. From this it appears that 
the nucleus of a comet (p. 498) is composed of the same 

_ gases as have been found enclosed in aerolites, namely carbon, 
hydrogen, nitrogen, oxygen, and their compounds. 

The height at which meteors appear is very various, and 
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ranges chiefly between the limits of 46 and 92 miles; the 
mean may be taken at 66 miles. The speed at which they 
travel is also various, generally about half as fast again as 
that of the earth’s motion round the sun, or about 26 miles 
in a second ; the maximum and minimum differ greatly from 
this amount. 

When a dark meteorite of this kind, having a velocity of 
1,660 miles per minute, encounters the earth, flying through 
space at a mean rate of 1,140 miles per minute, and when 
through the earth’s attraction its velocity is further increased 
230 miles per minute, this body meets with such a degree of 
resistance, even in the highest and most rarefied state of our 
atmosphere, that it is impeded in its course, and loses in a 
very short time a considerable part of its momentum. By 
this encounter there follows a result common to all bodies 
in motion which suddenly experience a check ; the motion 
is converted into heat. When a cannon-ball strikes suddenly 
with great velocity a plate of iron, a spark is seen to flash 
from the ball; under similar circumstances a lead bullet 
becomes partially melted. The heat of a body consists 
in the vibratory motion of its smallest particles ; an increase 
of this molecular motion is synonymous with a higher tem- 
perature, a lessening of this vibration with a decrease of 
heat. Now, if a body in motion, as, for instance, a cannon- 
ball, strike against an iron plate, or a meteorite against the 
earth’s atmosphere, in proportion as the motion of the body 
diminishes and the external action of the moving mass be- 
comes annihilated by the pressure of the opposing medium 
upon the foremost molecules, the vibration of these particles 
increases ; this motion is immediately communicated to the 
rest of the mass, and by the acceleration* of this vibration 
through all the particles the temperature of the body is raised. 
This phenomenon is described by the expression the conversion 


[* Increase in amplitude of these vibrations. ] 
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 ofthe motion of the mass into molecular action or heat, it is 
a law without exception that where the external motion of 
the mass is diminished, an internal motion among its parti- 
cles or heat is set up. It may be supposed that even in the 
highest and most rarefied strata of the earth’s atmosphere, 
the velocity of the meteorite would be rapidly diminished by 
its opposing action. This being so shortly after entering our 
atmosphere, the vibrations of the molecules would become 
increased to such a degree as to raise them to a white heat. 
They would then either become partially fused, or if the 
meteorite were sufficiently small, would be dissipated into 
vapour, and form a luminous track. 

Haidinger, in a theory embracing all the phenomena of 
meteorites, explains the formation of a ball of fire round the 
meteor by supposing that the meteorite, in consequence of 
its rapid motion through the atmosphere, presses the air 
before it till it becomes luminous. The compressed air in 
which the solid particles of the surface of the meteorite glow 
then rushes on all sides, but especially over the surface of the 
meteor behind it, where it encloses a pear-shaped vacuum 
which has been left by the meteorite, and so appears to the 
observer as a ball of fire. If several such bodies enter the 
earth’s atmosphere simultaneously, the largest precedes the 
others, because the air offers least resistance to its proportion- 
ately smallest surface; the rest follow in the track of the 
first meteor, which is the only one surrounded by a ball of 
fire. When by the resistance of the air the motion of the 
 meteor is arrested, it remains quiescent for a moment ; the 
ball of fire is extinguished ; the air rushes into the vacuum 
behind the meteor, which being left to the action of gravita- 
tion, falls to the earth. The loud detonating noise usually 
accompanying this phenomenon finds an explanation in the 
violent concussion of the air behind the meteor. 

The extinction of most meteors before reaching the earth 
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seems to show that their mass is small. If the distance of a 
meteor be ascertained, as well as its apparent brightness, it 
is possible, by comparing its luminosity with that of a known 
quantity of ignited gas, to estimate the degree of heat evolved 
in the meteor’s combustion. As this heat is due to the 
motion of the meteor being impeded by the resistance of the 
air, and as this motion or momentum depends alone upon 
the speed of the meteor and upon its mass, it is possible 
when the rate of motion has been ascertained to determine 
the mass. Prof. Alexander Herschel has calculated that the 
meteors of the gth and Ioth of August, 1863, which equalled 
the brilliancy of Jupiter or Venus, possessed a mass of from 
five to eight pounds, while those which were only as bright 
as stars of the second or third magnitude were not more 
than about ninety grains in weight. As the majority of 
meteors do not equal stars of the second magnitude, faint 
meteors must weigh only a few grains, for, according to 
Prof. Herschel’s computation, the five meteors observed on 
the ı2th of November, 1865, some of which surpassed in 
brilliancey stars of the first magnitude, did not average in 
weight more than five grains; and Schiaparelli from other 
phenomena estimated the weight of a meteor to be about 
fifteen grains. The mass, however, of the meteoric stones 
which fall to the earth is considerably greater, whether con- 
sisting of one single piece, such as the celebrated iron- 
stone discovered by Pallas in Siberia, which weighed about 
2,000lb., or of a group of small bodies penetrating the 
earth’s atmosphere in parallel paths, as shown in Fig. 281, 
and which, from a simultaneous ignition and descent upon the 
earth, present the appearance of a large meteor bursting into 
several smaller pieces. Such a shower of stones, accom- 
panied by a bright light and loud explosion, occurred at 
L’Aigle, in Normandy, on the 26th of April, 1803, when the 
number of stones found in a space of 14 square miles exceeded 
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2,000. In the meteoric shower that fell at Knyahinya, in 
Hungary, on the gth of June, 1866, the principal stone 
weighed about 800 Ib., and was accompanied by about a 
thousand smaller stones, strewed over an area of 9 miles in 
jength by 34 broad. 

The most striking example of such a cosmical cloud of small 
bodies, existing with scarcely any connection one with another, 
is exhibited in the meteoric showers occurring periodically 
in August and November. On certain nights in the year the 
number of meteors is extraordinarily great, and at these 
times they radiate from certain fixed points in the heavens. 


Fıc. 281. 





Balls of Fire seen through the Telescope. 


The meteor shower which every year occurs on the night 
of the ıoth of August, and proceeds from the constella- 
tion of Perseus, is mentioned in many old writings. The 
shower of the 12th and ı3th of November occurs periodically 
every thirty-three years, and for three years in succession, with 
diminishing numbers; it was this shower that Alexander von 
Humboldt and Bonpland observed at Cumana, on the 12th of 
November, 1799. On its recurrence on the 12th of Novem- 
ber, 1833, it was compared by Arago to a fall of snow, and 
was observed again in its customary splendour in 1866 and 
1867. Besides these two principal showers, there are many 
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others recurring at regular intervals; each of these is a 
cosmical cloud composed of small dark bodies which, loosely 
held together like the particles of a sand cloud, circulate 
round the sun in one common orbit. The orbits of these 
meteor streams are very diverse ; they do not lie approxi- 
mately in one plane like those of the planets, but cross the 
plane of the earth’s orbit at widely different angles. The 
motion of the individual meteors is in the same direction in 
one and the same orbit ; but while this direction is in some 
orbits in conformity with that of the earth and planets, in 
others it is retrograde. 

The earth in its revolution round the sun occupies each 
day a different place in the universe ; if, therefore, a meteoric 
shower passes through our atmosphere at regular intervals, 
there must be at the place where the earth is at that time an 
accumulation of these small cosmical bodies. A cosmical 
cloud, however, cannot remain at a fixed spot in our solar 
system, but must circulate round the sun as do the planets and 
comets. It therefore follows that the path of a periodic 
shower must intersect the earth’s orbit, and when the meteors 
are visible to us, the earth must either be passing through 
the cloud, or else very near to it. 

As we have said, the meteor shower of the ıoth of 
August, the radiant point of which is situated in the 
constellation of Perseus, takes place nearly every year, 
with varying splendour; we may, therefore, conclude that 
the meteors composing this group form a ring round the 
sun, and that the earth every Ioth of August is at the 
spot where this ring intersects our orbit. It also follows 
that the ring of meteors is not equally dense in all parts, 
but that in some places these small bodies must be more or 
less thinly scattered. Fig. 282 shows a small part of the 
elliptic orbit described by these meteors round the sun S. 
The earth encounters this orbit on the 10th of August, and 
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goes straight through the ring of meteors. The dots along 
the ring indicate the small dark meteors which ignite in our 


atmosphere, and are visible as shooting stars. The line m 


is the line of inter- 
section of the earth’s 
orbit and that of the 
meteors; the line PS 
shows the direction of 
the major axis of their 
orbit. This axis is 
fifty times greater than 
the mean diameter of 
the earth’s orbit ; the 
orbit of the meteors is 
inclined to that of the 
earth at an angle of 
64° 3‘, and their mo- 
tion is retrograde, or 
contrary to that of the 
earth. 

The shower which 
has been observed on 
fe z2th or 13th of 
November, and which 
occurs every thirty- 
three years, proceeds 
from a point in the con- 
stellation of Leo. The 
meteors composing 


EıG, 280, 




















































































































































































































































































































































































































































































































Orbit ofthe Meteor Shower of the ıoth August. 


this shower, unlike those in August, are not distributed 


along the whole course of their orbit, so as to form a 


ring entirely filled with meteoric particles, but constitute 


a dense cloud, of an elongated form, which ‚completes its 


revolution round the sun in thirty-three years, and crosses 
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the earth’s path at that point where the earth is every 13th 
of November. As the November shower is repeated during 
three successive years on the ı3th of that month, but with 
diminished splendour for the last two years, the meteors 
must extend so far along the orbit as to require three years 


before they have all crossed the earth’s path at the place of 















































































































































































































































































































































































































































Orbit of the November Meteor Shower. 


intersection ; they are, besides, unequally distributed, the 
preceding part being much the most dense. 

A very small part of the elliptic orbit, and the distribution 
of the meteors during the November shower, is represented 
in Fig. 283. As shown in the drawing, this orbit intersects 
that of the earth at the place where the earth is about the 
t4th of November, and the motion of the meteors, which 


occupy only a small part of their orbit, and are very unequally 
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distributed, is retrograde, or contrary to that of the earth. 
The inclination of this orbit to that of the earth is only 
17° 44; its major axis is about ten and one-third times 
greater than the diameter of the earth’s orbit, and the period 
of revolution for the densest part of the meteorites round 
the sun S is thirty-three years three months. 
The paths of the various meteors belonging to the same 
swarm appear to start from the same point in the heavens, 
 termed the radiant point; in the August swarm this is 
situated between the constellations of Perseus and Cassiopeia, 
in the November swarm it lies close to the star Sin Leo. By 
this it is not meant that all meteors of the same swarm really 
proceed from the same point in the universe, but that the 
















paths of most of them traced backwards would converge to 
the same point in the sky. Some few meteors cannot be 
traced to any certain radial point, and are therefore termed 
'sporadic. The apparent convergence of such meteor paths is 
‚the effect of perspective : in reality they are nearly parallel» 
and they present the appearance of diverging lines on the same 
principle as the rays of the sun seem to diverge on issuing 
from an opening in a cloud. Even when the meteor-fall is 
not so striking, a radial point is often to be found ; a great 
number of such periodice swarms have been discovered by 
Heis, Greg, and Alex. Herschel, and the radial points 
‚approximately determined. 

The affınity between comets and meteors was recognized 
by Chladni, but Schiaparelli, of Milan, was the first to treat 
successfully and with wonderful acuteness the various 
phenomena exhibited by these mysterious heavenly bodies. 
He shows that an intimate connection exists between comets 
and meteor-swarms, inasmuch as they both describe similar 
orbits around the sun, and that even in some cases a comet 
may be in one part of the orbit and a meteor-swarm at 


another part of the same orbit. Between the orbit of the 








534 SPECTRUM ANALYSIS. 





August meteor ring and that of the comet of 1862, No. 3, 
he discovered so close an agreement that no doubt can be 
entertained of their identity. 

A cloud of meteors can only be observed as a meteor 
shower when it crosses the earth’s orbit at a moment when 
the earth is also there, so that the meteors pass through our 
atmosphere. 

The calculations of Schiaparellin, Oppolzer, Peters, and 
Le Verrier have discovered in the small comet of 1866, 
No. I., first observed by Tempel, of Marseilles, the cause of 
the November shower of meteors. The orbit of this comet 
agrees very exactly with that of the meteor-swarms of the 
I4th and ı5th of November. The elements are as follows : 


For the Meteor-swarm. For the Comet. 

Passage of Perihelion. . Nov. 10'092 Jan. 14'160 1866. 
Length of Perihelion . : 56°25’ 60°28’ 
Length of Node. N 5 231°28 231°26' 
Inclination of the Orbit to 

tberBehstie >; i ; 17°44' 17°18 
Perihelion distance . ; 0'0873 09765 
Eccentricity ‚ : : 0'9046 0'9054 
Half of major axis . i 10'340 10'324 
Period j h . : 35'250 years 33'176 yrs. 
Direction of motion . ; retrograde retrograde 


The transformation of this comet into a ring of meteors 
has not proceeded nearly so far as in the case of the comet 
1862, No. Ill.; the existence of the ring is of much more 
recent date, and, therefore, the distribution of the meteoric 
substances along the orbit has not continued long enough for 
the ring to be fully developed. In Fig. 284, C D represents 
a portion of the orbit of this comet which is identical with 
the orbit (Fig. 283) of the November meteors. In the yearly 
recurring meteor-swarm of April 20th, a similar connection 
is to be discovered with the comet of D’Arrest. 


Our knowledge upon this subject is now no longer re- 








HALZLING STARS, METEOR SHOWERS, ETC. 535 


stricted to the few cases just cited. In a list arranged by 
Alexander Herschel, seventy-one such examples are to be 


found. 
kıc. 284. 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Orbits of the August and November Meteor Showers. (Orbits of 
Comets IIl., 1862, and I., 1866.) 


That under certain circumstances a comet may become 
dissolved into a swarm of meteors was proved by the great 
meteor fall that occurred on the night of the 27th and 28th 


of November, 1872, which gives great support to the theory of 
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Schiaparelli. On that evening there suddenly fell an enormous 
number of meteors, which quite overshadowed in magnitude 
the ordinary fall of meteors occurring on the ı2th and 14th 
of that month. At Münster, Prof. Heis counted 2,200 
meteors in fifty-three minutes, while at Göttingen the 
number per hour as seen by three observers was 7,7IO. 
At Berlin during the full splendour of the phenomenon 
counting was out of the question. At Leipsic between 
the hours of 7 and 8, I,212 meteors were counted, and at 
Athens the total fall of meteors during that night, as estimated 
by Prof. Schmidt, was 30,000, an estimation which does not 
seem too high when it is considered that the number actually 
counted by Secchi and his assistants amounted to 14,000. 
The majority of the meteors proceeded from a point in 
Perseus, but many came from Andromeda. This radial 
point is, as before said, the effect of perspective ; the paths 
of the individual meteors are parallel, and only appear 
to proceed from a point upon the same principle that the 
parallel rows of trees in an avenue appear to the observer at 
‚a distance to meet in a point. 

If the speed of a meteor and its radial point be ascer- 
tained, its orbit round the sun may be calculated. Schia- 
parelli undertook this calculation for the meteor-swarm of the 
end of November, and discovered so close an agreement with 
the orbit of Biela’s comet that there could be no doubt of 
their identity. The orbit of that comet is so situated that 
the point at which it crosses the plane of the earth’s orbit is 
almost precisely at the same distance from the sun as the 
earth’s orbit at that spot. The length of its descending node 
upon the plane of the ecliptic is 66°, and this spot was reached 
by the earth in 1872, on the night of the 27th and 28th of 
November. Now, as at this place the orbit of Biela’s comet 
is only slightly less distant from the sun than the earth’s 
orbit, the earth’s course for a short time lay in close proxi- 








FALLING STARS, METEOR SHOWERS, ETC. 337 


mity to that of the comet. To use a familiar illustration, 
the two orbits might be likened to two lines of railway, and 
this spot to the place where they run almost close together, 
while at every other spot they run in different directions. 
Two trains proceeding on these two tracks would only be in 
proximity when simultaneously travelling along this piece of 
road. It is just so with the earth and Biela’s comet. 
We know that the earth was at the spot in question 
on the 27th of November, but of the comet we know nothing 
certain. It was last seen in the autumn of 1852 (see p. 505), 
and according to calculation ought to have reappeared during 
the winter of 1865-66, but was never again seen, notwith- 
standing the diligent search of astronomers. This mysterious 
disappearance of a large heavenly body, or rather of two, for 
the comet had separated into two, created a great sensation at 
the time, and there seemed some colour for the supposition 
_ that it had become partially dissipated. This conclusion 
seemed to receive confirmation by the fall of meteors on the 
27th and 28th of November, 1872. Had the comet, for 
instance, remained unchanged, the earth could not have been 
in its neighbourhood upon that day, inasmuch as it must long 
ago have passed the point in question, its perihelion occurring 
in the early part of October. Should the comet, however, 
have become dissolved into an elongated meteor-swarm, strewn 
along the orbit, it is quite possible that the earth in crossing 
this spot might encounter a portion of the swarm which 
might be passing at the moment. This appears to have 
really been the case, and the earth to have passed through a 
part of the swarm, or by its force of attraction to have drawn 
to itself a more or less considerable portion of these meteors. 

While observing the surprising fall of meteors on the 
27th of November, it occurred to Prof. Klinkerfues of 
Göttingen that it might perhaps be possible to discover the 
head of the comet, of which the dissolved portion was visible 





538 SPACTRUM ANAZYSZS. 


as a meteor shower. This could only be sought for in the 
southern hemisphere ; he, therefore, telegraphed to Mr. Pogson, 
the director of the Madras observatory, to seek for a comet 
near the star 0 Centauri. The request was not in vain, for a 
comet was really found in the place indicated, and was 
observed by Pogson on two occasions. Two observations, 
however, do not suffice for the calculation of a comet’s orbit, 
but from these it appeared that the orbit was very similar to 
that of Biela’s comet, but whether the identity was complete 
remained undecided. 

By the side of these important conclusions which the 
observation and acuteness of modern astronomers have been 
able to make concerning the nature and mutual connection of 
nebulze, comets, meteors, and balls of fire, the results of 
spectrum analysis as applied to meteors will seem to be 
exceedingly scant. This is easy to understand when we 
reflett how rapidly these fiery meteors rush through our 
atmosphere, and how difficult it is to lay hold of them 
with the spectroscope during their instantaneous apparition. 
Before the instrument can be directed to a meteor or ball 
of fire, and the focus adjusted, the object has disappeared 
from view. The application, therefore, of spectrum analysis 
to these fleeting visitors is left almost entirely to chance, and 
is mainly confined to those nights in which a shower of 
meteors is expected to occur. 

In 1865 Alexander Herschel drew attention to the 
expected fall of meteors in the ensuing year, and sug- 
gested that they should be observed with the spectroscope, 
on the ground that some few spectroscopic observations 
previously made had shown the spectrum of a meteor to be a 
continuous one, without any dark lines. Browning under- 
took the investigation, and from his observatory at Upper 
Holloway, near London, during the nights of the gth and 
ıoth of August, and the early morning hours of the 14th 








pe 





FALLING SZARS, METEOR SHOWERS, EIC. 539 


of November, observed the spectra of as many as seventy 





meteors and their trains. 





The hand spectroscope described at p. 421, and represented 





in Fig. 223, is well adapted for these investigations ; but a still 





better instrument is that drawn in Fig. 285, specially con- 





structed by Browning for his own use in the observation of 
meteors, in which the apparent angle caused by the velocity 
of the meteor is diminished, and which, on account of the 
large field of view, greatly facilitates observation. 

This instrument consists of a direct-vision compound 
prism P, and a plano-concave cylindrical lens L. M,, M,, M, 


EıG. 285, 


_Mı x 





—M2 





Browning’s Meteor Spectroscope. 


denote three successive places in the flight of a meteor, and 
m, M,, Ms; show the path of the rays from the meteor to 
the lens L, while the dotted lines indicate the course taken 
by the rays in their passage through the refracting media. 
The ray m, reaches the eye viewing it through the prism 
at the same moment as the ray ,; the eye, therefore, 
commands the large space in the heavens included between 
M, and M;, and can observe any meteor shooting over that 
space without the instrument being moved. In such a 
spectroscope the meteor appears to be stationary, and its 
spectrum can be observed without difficulty. Browning was 
able with this instrument to observe the spectra of some fire- 
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balls thrown into the air only a few feet from him. Although 
the angular velocity of the balls was very great, the 
characteristic lines of their component metals, barium» 
strontium, etc., were clearly seen. If a bi-concave lens of 
longer focus than the cylindrical lens be placed immediately 
in front of L, and turned towards the heavens, rays of a 
still greater convergence, reaching beyond M, and M., will be 
brought within the range of the eye, and the field of view 
of the instrument considerably increased. 

By directing the instrument to the radial point, Browning 
succeeded in observing the spectra of several meteors. The 
spectrum of the nucleus was generally continuous, presenting 
all the colours of the solar spectrum excepting violet. In 
certain instances yellow preponderated; in others the spec- 
trum presented one homogeneous yellow hue, though nearly 
every other colour, from red to green, was faintly visible. 
In two instances the spectrum was of a homogeneous green 
tint. The chief difference remarked between the August and 
November meteors was in the spectrum of the train ; in most 
of the August meteors this consisted of one yellow line of 
intense brilliancy, comparable to the line of glowing sodium, 
which manifested the presence of luminous gas. In the 
November meteors the spectrum of the train was broad and 
continuous, and pale in colour. The light, which was mostly 
blue, green, or steel-grey, appeared in general to be homo- 
geneous; but this appearance might arise from the light being 
too weak to yield a visible spectrum, as in the case of stars 
below the second and third magnitude, where the red and 
blue rays are wanting in the spectrum, though doubtless 
present in the light of the star. The yellow line given by 
the train of the August meteors was altogether absent in 
that of the November meteors. 

The November shower of 1868 was observed by Secchi. 
Among the numerous meteors leaving a train of light behind 
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them was one the light of which lasted fifteen minutes, and 
was at first sufficiently bright for examination by a prism. 
Secchi found the spectrum to be discontinuous, and the 
principal bright bands and lines were red, yellow, green, and 
blue. .Secchi had also the good fortune to see two meteors 
in the spectroscope ; the magnesium line appeared with great 
distinctness, besides which some lines were also seen in 
Fihe red. 

Among the recent observers of meteor spectra, Konkoly 
deserves a prominent place. He finds that the head of the 
meteor usually gives a continuous spectrum, upon which 
is frequently—but by no means invariably—seen projected 
the bright sodium lines. He is, therefore, of opinion that 
sodium is not always an integral constituent of the meteor, 
but is found floating in the air, and becomes incandescent 
with the meteor. Since, however, the sodium particles 
must obviously decrease in number in proportion to their 
elevation above the earth, it may sometimes happen that 
a meteor containing no sodium, if observed at a great height, 
may show no sodium lines. Konkoly has been confirmed 
in this view by the fact that in observing the same meteor 
the spectrum has at first appeared without the sodium line, 
while afterwards it was very brilliant. It must not, how- 
ever, be forgotten that comets exist, as shown by the comet 
Wells of 1882, in which incandescent sodium plays a very 
important part. As there can be no doubt that meteors 
and comets stand intimately related to each other, the 
possibility must be admitted that in some meteors incan- 


descent sodium may be present. 
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o4-— ur Zonraear Iienn. 


AFTER sunset on a clear evening in spring there may 


sometimes be observed in the western sky a faint cone 
of light proceeding from the place where the sun has set, 
and extending along the ecliptic, occasionally as far as 
the Pleiades. In September and October a similar cone of 
light may be seen in the eastern sky before sunrise. This 
faint light (Fig. 286), to be seen nightly in the tropies, is 
known as the zodiacal light, on account of its extending in 
the direction of the zodiac or ecliptic.e. This light has 
manifestly some connection with the sun, and is supposed 
to emanate from a flat ring surrounding the sun, of small 
eccentricity, and Iying between the orbits of Venus and 
Mars. Jones and Heis, by whom the phenomenon has long 
been carefully observed, are opposed to the theory that it is 
produced by a nebulous ring circulating round the earth 
within the orbit of the moon, and shining by its own or 
reflected light ; while Liais has no hesitation in regarding it 
as an extension of the corona. Öpinions are thus very 
diverse as to the true nature of this phenomenon, and it is 
therefore all the more interesting to ascertain the verdict of 
the spectroscope. Notwithstanding the extreme faintness 
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540 
of the light, it suffices to form a spectrum which Liais 
observed to be continuous, thus proving the source of light 
Angström and Respighi found that not 
F, but 


to be non-gaseous. 
only was there a continuous spectrum as far as 
that the green corona line (1247 K.) was undoubtedly 


present. 





The Zodiacal Light in the Evenine Skv. 


On the 4th, 5th, and 6th of March, 1872, the spectrum o1 
the zodiacal light was observed by Vogel with a pocket 
spectroscope. He found it to consist of a faint green band 
bounded towards the red by a line of somewhat greater 
intensity. By the use of a larger instrument the place of 
the line was accurately determined, and was found to have 


a wave-length of 557'1 millionths of a millimetre, 
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A. M. Wright has devoted himself very assiduously to the 
spectroscopic investigation of this phenomenon; he finds the 
spectrum to be continuous, and to differ in no respect from 
that of faint daylight or twilight. It extends approximately 
from D to G, but in this respect varies with the clearness of 
the sky, and diminishes in brightness at both ends. The 
bright line in the green was occasionally seen, but was 
regarded by Mr. Wright as belonging to aurora. From this 
it would appear* that the zodiacal light is only reflected 
sunlight from a ring of fine particles, by which the sun is 
surrounded, extending beyond the orbit of the earth. The 
polariscope gives similar testimony, as it shows the exist- 
ence in the zodiacal light of rays that are polarised in a 
plane passing through the sun. As to the nature and 
physical constitution of the ring supposed to exist between 
Venus and Mars, nothing certain is known. This light 
offers to the astronomer a wide field of research, in which 
not only patience and perseverance are needed, but also a 
sufficiently clear sky. | 


95.— THE SPECTRUM OF AURORA. 


The aurora borealis, although by no means a rare 
phenomenon, is one of the most mysterious appearances 
to be observed in the heavens. In the moderate latitudes 
of Central Europe it occasionally appears in great splendour, 
but never in these regions approaches in magnificence the 
glory it displays in the arctic regions. Upon the nature of 
aurora physicists are by no means agreed, and even its 
height above the surface of the earth is an unsolved problem, 
While some regard its distance from the earth to amount to . 
several miles from the wide extent of the earth’s surface over 


* [This opinion must be received with caution.] 
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which the same aurora is sometimes seen, others maintain 
upon good evidence that it occasionally descends to the 
tops of mountains, or to the level of high plains. Some 
observers regard aurora as a celestial phenomenon ; others 
regard it as of telluric origin, and speak of a “magnetic ” 
or ‘“electro-magnetic storm,” without giving to the term 
any definite meaning. Great auroral displays are often 
announced by disturbance of the magnetic needle, and this 
disturbance occurs simultaneously over a large part of the 
earth’s surface. Streng currents of electrieity (earth cur- 
rents) are sometimes developed in the earth to such extent 
that the telegraph lines of a whole country are affected ; and 
these currents are so pöwerful that it often requires all the 
batteries at a telegraph station to be joined together to over- 
come them. 

From the observations of Professor Fritz, of Zürich, 
it appears that the occurrence of aurora is subject to 
maximum or minimum periods of II4 years. The same 
periodicity is shown in solar spots, and it is very remark- 
able that when the solar spots are numerous, aurora 
is of frequent occurrence, while in years when there 
are few solar spots, aurora is infrequent, and faint in 
character. 

Ängström seems to have been the first to observe the 
spectrum of aurora; his observations date from the winter 
of 1867-68. . He saw only one bright line situated to the 
left of the well-known calcium group of the solar spectrum. 
With a wider slit, he observed also traces of three very 
faint bands extending nearly to the F-line, and once during 
the undulations of a very flickering arch, faint lines were 
visible. The same line was observed by Angström during 
several consecutive nights, in March 1867, at Upsala, and 
its wave-length estimated at 0'0005567 of a millimetre ; it 
is not coincident with any known line of a terrestrial element. 
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This line is introduced into Ängström’s spectrum of the 
telluric lines, as a dotted line between ö and E at 556 
(Plate X1.) | 

The observations of D. K. Winder show a bright line in 
the yellow close to D, and coincident with one of the 







dark lines appearing in the solar spertrum when the sun 





approaches the horizon; a fainter line in the green was 
sometimes visible, and on one occasion a line in the red. 

Similar observations were made on the ı5th and 16th 
of April, 1869, by Rayet and Sorel ; the spectrum showed 
the characteristic auroral line, and the atmospheric lines. 

On the 6th of October, 1869, the spectrum of aurora 
was examined by Flögel. With a moderate opening of the 
slit the yellow line was alone visible. When the slit was 
opened as much as I'3 millimetre, a faint diffused band in 
the green made its appearance, which seemed to extend 
as far as the F-line, and could not be concentrated into a 
line by contraction of the slit. No such faint band was 
perceptible in the red, proving that no stellar light had 
found its way into the slit. 

On the 5zth of April, 1870, observations were made at 
Lennep (Rhenish Provinces) by A. Schmidt. The yellow 
line was remarkably bright and broad, and varied in 
intensity, at times appearing very faint, and immediately 
afterwards shining out with great brilliancy. From the 
neighbourhood of this line to F, there stretched a continuous 
band, which frequently became resolved into three lines, 
bright, though fainter than the first line. 

Fig. 287 gives the spectrum of aurora as observed, on 
the 2ıst of October, 1870, by Lord Lindsay, at Dun Echt, 
with a direct-vision spectroscope, and below is given the 
solar spectrum. The respective brightness of the lines is 
indicated by the numbers from I to 5. 

On the 24th of the same month a magnificent display 
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of aurora was visible over the greater part of Europe, 
extending over the northern and western portions of the 
sky. Upon the luminous red background appeared three 
deep red streamers very sharply defined. On the following 
day the phenomenon offered the rare spectacle of an auroral 
crown. Ihe crimson streamers, crossed by white rays, 
converged to a point a little south of the zenith. 

Professor Förster, of Berlin, found the spectrum to consist 
solely of the narrow greenish-yellow band, the position of 


which has been determined by Angström. In the un- 





Spectrum of the Aurora Borealis as observed at Dun Echt by Lord Lindsay. 


illuminated portions of the sky the spectroscope showed the 
characteristic auroral line, and this had been noticed on 
previous evenings when no trace of aurora was visible. 

On the same evening, at Guildford, Capron observed a 
very bright line in the green, visible in all parts of the sky, 
but most brilliant in the silver-white rays. There was also 
a much fainter line in the red, approximating to the lithium 
line. 

An observer at St. Mary Church, Torquay, describes the 
spectrum as consisting of four lines: a strongly marked red 


line between the lines of lithium and calcium near C, a pale 
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yellow line near D, a paler one near F, and a still fainteı 
one beyond; there was also a faint continuous spectrum 
extending from D to beyond F. It seemed as if two spectra 
were superposed, one consisting of the four lines and the 
faint continuous spectrum, the other given by the remaining 
light, including the greenish line near D. 

Gibbs, observing in London, saw only a line in the red 
very similar to the C-line (Ha), and another line in the 
green. 

Elger, at Bedford, observed a red band near C, a bright 
band near D, apparently the characteristic line of aurora, and 


a faint and ill-defined line near F, as well as an exceedingly . 





Li He Ne 


Spectrum of the Aurora Borealis as observed by Zöllner. 


faint line about midway between F and D. The red band 
was absent from the spectrum of the white rays of the 
aurora, whereas the remaining three lines were always 
visible. These observations seem to show that different 
rays of aurora produce different spectra. 

Fig. 288 gives the spectrum as observed by Zöllner at 
Leipzig, with a miniature spectroscope. In order to collect 
sufficient light, the slit was opened tolerably wide ; and for 
the purpose of securing an approximate estimate of the 
position of the lines, those of lithium and sodium were 
produced simultaneously by means of a spirit lamp. The 
line (2) in the green, probably the characteristic auroral 


line, was brilliant in every part of the aurora; the red line 
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(1) was only well seen when the instrument was directed 
to the red portions of the sky. The faint blue bands a, £&, 
were only occasionally seen, the most striking being the 
broad dark band ß& as it appeared against a bright back- 
ground. 

The ill-defined dbright bands near F, and a little beyond it, 
are regarded by Zöllner as the remains of the continuous 
spectrum which has been broken up by the dark absorption 
bands a, ß. | 

In the same spectroscope Zöllner subsequently observed 
the spectra of hydrogen, nitrogen, oxygen, and carbonic 
acid, and was convinced that the red line (1) was not 
coincident with the brightest parts in the spectra of.any 
of these four gases It is more refrangible than the red 
hydrogen line Ha, and may possibly lie near the group of 
telluric lines a (Plate XI.), between C and D, the mean 
wave-length of which is 0'0006279 of a millimetre. 

The magnificent aurora visible in Central Europe on the 
4th of February, 1872, was observed by Dr. Schellen at 
Cologne. The spectrum was similar to that obtained by 
Zöllner, except that the bright spot described by him as 
the first narrow zone of light—to the left of a—extended 
without break or variation as far as the bright line 2. But 
wherever the spectroscope might be directed the very 
intense green line of aurora was always visible. With a 
somewhat wider slit a faint flush of light proceeded from 
this line towards the blue, traversed by two dark bands. 
By narrowing the slit the three bright bands eould not be 
reduced to sharp lines, so that the spectrum always pre- 
served the appearance of a continuous band of light traversed 
by the dark absorption bands, of which the broadest and 
darkest was the one furthest removed from the green line. 
Ön one occasion, a momentary glimpse was obtained of a 
red line as the instrument was, for an instant, directed on 


A 
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to an intensely red spot in the eastern sky, and the eye- 
piece so turned as to exclude the green line from the field 
of view. The comparison spectra employed were those 
from a spirit lamp impregnated with salt, and from hydrogen 
in a Geissler tube. 

The position of the green auroral line was estimated from 
the sodium line, while the position of the extreme band was 
shown, from the hydrogen line Hß, to lie somewhere between 
b and F. 

The spectrum of the aurora of the I4th of October, 1872, 
was observed by Professor Holden at West Point. He 





Spectrum ofthe Aurora Borealis as observed at West Point, by Holden. 


first directed his pocket spectroscope upon the full moon 
to ascertain the length of the spectrum which extended from 
M to N. The instrument was then directed, with a wide 
slit, upon the aurora, and a careful drawing made of the 
position of the lines. Ihe violet rays (left) appeared cut off, 
and the spectrum consisted (1) of a broad, bright, red 
band R, (2) of a dark space of similar breadth B, (3) ofa 
green bright band G, almost equally broad, (4) of a faint 
spectrum of diffused light, (5) of a bright line ı in the 
blue, followed by a second bright line 2, somewhat 
more refrangible. When the aurora faded the green line 
alone remained visible, with scarcely a trace of the blue 


one. 
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In 1871 Vogel instituted measures of the bright lines in 


the spectrum of aurora with the following results :— 
Wave- 

lengths in 

Millionths Remarks. 

ofa 

Millimetre, 

629'7. Very bright red bands. 

556°9. Brightest line in the spectrum. 


539. _ Excessively faint line, observation uncertain. Upon 
523°3. Tolerably bright line. a 
5ı8'9. This line is very bright when the red line faintly 
appears at the same time; otherwise it luminous 
background. 


agrees with the preceding lines in bright- 
ness. 
500'4. Very bright line. x 
469'4. , Bright band of light, somewhat less bright in the middle. 
4664. Very faint in the portions of the aurora in which the red 
462°9. ) line appears. 


A catalogue of the lines hitherto observed in the spectrum. 
of aurora has been made by Rand Capron.* The following 
are the wave-lengths given in ten millionths of a milli- 
melbe 


6297. Very bright band, first noticed by Zöllner, seen only in red 
aurora, standing on a dark background, sharply defined 
with no other line near. According to Vogel, when this 
line is bright, 35189 is bright also. 

5567. The splendid line in the yellow-green, brightest of all, not 
always equally brilliant, but always well defined. Accord- 
ing to Capron, coincident with a very faint atmospheric 
line, but needing confirmation. 

5390. Very faint, seen only by Vogel, though possibly also by 
Alvan Clark. 

5233. Moderately bright, according to Vogel; frequently visible. 

5189. Very bright when the line 6297 is also visible, not so fre- 
quently seen as 5390. 

5004. Very bright, according to Vogel, possibly coincident with a 
nitrogen line visible in the spectrum of nebul. 


* J. Rand Capron, Auror@, Their Characters and Spectra. 
London and New York, 1879. 
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4850. Line in the blue; position given by A. Clark, not seen by 
Vogel, nor by any one in Europe. 

4694. Bright band, somewhat less luminous in the middle, very 

4663. faint in that portion of the aurora in which the red line 

4629. ) appears (Vogel). 

4350. Observed by Clark, position uncertain, tolerably bright, not 
seen by Vogel. Considered by Lemström to be more re- 
frangible than G. 








It thus appears that hitherto nine bright lines have been 
seen in the spectrum of aurora, but never all visible at once, 
or seen by the same observer. 

From the mean of subsequent observations, Vogel 
determined the wave-length of the brightest line to be 
557'08 millionths of a millimetre, which agrees with 
Winlock’s previous estimation of 557'1. At this spot there 
also occurs a bright line in the spectrum of the solar corona, 
and for a considerable time they were regarded as identical, 
but the researches of Young have proved that this is not the 
case. Vogel is of opinion that this brightest line of aurora 
is to be identified with a very faint line in the spectrum of 
nitrogen. The fact of this line appearing isolated, and with 
great intensity, in the spectrum of aurora, is not regarded by 
Vogel as inconsistent with the great variability of gas spectra 
under different conditions of pressure and temperature. He 
is, however, strongly inclined to the opinion that the spec- 
trum of aurora is merely a modification of that of air. 

Angström is not in accord with Vogel in the identification 
ofthe bright auroral line with a band in the spectrum of 
rarefied air; according to him the greenish yellow portion 
of the air spectrum consists of seven bands of nearly equal 
intensity, and the bright line coincides only with the edge 
of one of these bands. Piazzi Smyth is equally doubtful as 
to the identification of this line either with hydrocarbon or 
with iron, and regards its nature as completely unknown. 
“There is reason for supposing,” remarks Ängström, “that 
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the spectrum of aurora is composed of two different spectra 
which in all probability are diverse in their origin. The 
one spectrum is formed by the characteristic yellow light 
which is visible even in the faintest trace of aurora, and is 
sometimes to be seen in every part of the heavens on a 
bright winter night. The other spectrum consists of exceed- 
ingly faint stripes and bands, which are only bright enough 
to be measured during a very remarkable display.” 

With regard to this second spectrum, the observations are 
much at variance. This may possibly be due to variability 
in the phenomenon itself, according to the elevation at which 
ittakes place; if in the higher regions of the air, there is 
no damp, and the electricity can only be conducted by the 
oxygen and nitrogen. Ängström found that when two 
platinum wires were introduced into a bottle the base of 
which was covered with a stratum of phosphoric anhydride, 
and the air exhausted to the pressure of a few millimetres, 
upon the application of an induction current the bottle 
was filled with the violet light which usually appears only 
at the negative pole. The spectrum of this light consists 
of three yellow lines, of which the wave-lengths are respec- 
tively 427'2, 470'7, 522'7 millionths of a millimetre, which 
coincide satisfactorily with the three lines of aurora, the 
wave-lengths of which deduced from the mean of the mea- 
sures taken by Barker, Vogel, Angström, and Lemström are 
respectively 428°6, 470'3, 522'6. In the spectrum of aurora 
Vogel also detected in the neighbourhood of the line 4694 
two faint bands of light in the violet, having a wave-length 
of 466°3 and 462'9, besides two corresponding dark bands 
of whıch the wave-lengths were 465'4 and 460'1. 

When aurora is flickering there is reason for supposing 
that the electric tension is discontinuous, in which case the 
strongest line in the air spectrum, the green line, wave- 
length 500°3, ought at least to appear. This line has, in 
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fact, been carefully observed by Vogel, and seen also by 
Ängström and others. Finally, when an aurora is visible 





in the lower regions of our atmosphere, its spectrum may 






include lines of hydrogen, as also the strongest bands of 






the channelled spectrum of our atmosphere, as, for instance, 






the one situated at 497'3. In accordance with the above 










assumption, nearly all the lines and bands of aurora, the 
positions of which have been with any certainty ascertained, 





are to be found in the spectrum of rarefied air. “It may, 






therefore, be generally assumed that the faint bands in the 





spectrum of aurora belong to that of the negative pole, and 






that the variations noticed in the spectrum are due to the 






introduction of parts of the air spectrum, either as lines 





or shaded bands.” This does not, however, explain the 









existence of the yellow line, and Angström is, therefore, 
led to suppose that it may be due to fluorescence or 






phosphorescence. 






“This supposition derives some support from the fact 






that many observers have remarked the subsidence of the 






yellow line when red was visible in the spectrum, and in 






apparent connection therewith the simultaneous decrease in 






brightness of the violet and ultra-violet portions. Oxygen, 










too, is known to be phosphorescent, as well as several of 
its compounds, among others protoxide of nitrogen.” 






Zöllner ıs of opinion that if the light developed in aurora 
is of an electric character, analogous to that exhibited by a 






gases rendered incandescent in an exhausted tube, this must 
take place at so low a temperature, that it would not be 






possible at a similar temperature to observe the spectrum of 





gases in a Geissler tube. The want of coincidence between 
the spectrum of aurora and that of any known spectrum of 
the atmosphere may be explained by the spectrum being of 
a different order from that of any atmospheric spectrum which 
is capable of artificial production. . 
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The spectroscope has, therefore, been unable to give any 
decisive verdict as to the constitution of aurora, and further 
research is necessary before this can be looked for. 


96. THE SPECTRUM OF LIGHTNING. 


From the close connection between lightning and the 
electric spark, it was to be anticipated that a flash of 
lightning would yield a spectrum closely allied to that of the 
ordinary electric discharge when passed through the air, 
and that it would therefore consist of the bright lines belong- 
ing to the atmospheric air, pre-eminently those of nitrogen. 
This proved to be the case when flashes of lightning were 
observed by Lieut.-Colonel Herschel through a hand 
spectroscope. Among the numberless bright lines visible, 
the blue nitrogen line was the brightest ; the red line of 
hydrogen, Ha, was also recognized. Besides this spectrum 
of lines, a bright continuous spectrum was likewise present. 

The ordinary spectrum of lightning produces the impres- 
sion of green and blue, or rather of greenish-blue ; but as in 
bright flashes all the prismatice colours are visible, it must 
be supposed that the part between the lines E and F is 
so much brighter than the rest as to cause the impression 
of those colours to predominate in the spectrum. The 
varlation of relative brightness of the continuous spectrum 
and of the spectrum of lines is very surprising ; at times the 
lines are scarcely visible, and at other times they form 
nearly the whole spectrum. The difficulty of distinguishing 
the many fainter lines is considerable, owing to the instan- 
taneous character of the phenomenon. 

The most complete observations that have yet been made 
are those by Professor Kundt, of Zürich, by whom upwards 
of fifty flashes of lightning have been observed with a pocket 
spectroscope, In addition to the spectra consisting of bright 
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lines, there always appeared other spectra formed of a great 
number of fainter bands, somewhat broader than the lines, 
‚and disposed regularly at equal intervals one from another. 

The spectra of lines consisted of one and sometimes of 
two lines in the extreme red, a few very bright lines in the 
green, and some less bright in the blue, besides a still 
greater number much fainter, most of which were sharply 
defined. The spectra of the flashes differed widely, for 
certain lines which were very brilliant in one flash were 
‚entirely absent in another, being replaced by a set of lines 
invisible in many other flashes. 

The banded spectra were quite as dissimilar, the coloured 
bands in some flashes appearing in the blue and violet, in 
others in the green as well, and occasionally only in the red. 

In most cases each flash presented only one of these 

spectra.. The spectra of lines were usually given by the 
forked flashes, while sheet lightning gave banded spectra. 
In only two cases did the same flash first give a bright 
line spectrum very sharply defined and then suddenly show 
a band spectrum evenly distributed throughout. 
‘ The two kinds of spectra correspond with the colours in 
which lightning appears to the eye, forked lightning being 
usually white, while sheet lightning inclines to red, violet, 
or blue. This is in conformity with the different colours 
exhibited by electrical discharges, according as they appear 
as a spark or a brush of light. The light of a spark dis- 
charged into the air is always more or less white according 
to the nature of the bodies between which it passes, whilst 
the colour of the electric brush is red or violet, and that 
of the electric glow is violet or bluish. The spectrum of the 
spark is always one of lines, while that of the brush or glow 
discharge is one of bands. 

In September, 1871, the position of the brightest lines 
in the spectrum of lightning was accurately determined by 
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Vogel and Lohse, with the stellar spectroscope at the 
Bothcamp Observatory. The width of the slit was such 
as to show the sodium lines separated. The evanescent 
character of the phenomenon rendered observation difficult, 
but the amount of error in the wave-length given is not 
thought by the observers to exceed 0'353 millionth of a 
millimetre. The lines measured are as follows :— 


5341. Faint line. 

518°4. Tolerably bright line. 

500'2. Very bright line, before a fainter one. 
486°0. Bright line. 


Brom 4695: | Broad band. 

to 458°3.) 

In the neighbourhood of G was a second broad band of 
light. The lines in the red were too faint for measurement. 
Line No. ı occurs in the spectrum of oxygen; 2, 3, and 5 
are identical with lines found in the spectrum formed by the 
electric spark, when passing through air; 4 is coincident 
with the bright line Hß in the spectrum of hydrogen. 

This line spectrum was not produced by every flash ; 
in some cases the bright lines were visible upon a continuous 
background, while in others a continuous spectrum appeared 
ın which no lines were traceable. The line spectra were 
not always identical ; in some instances the bright lines 
extended as far as the red, in others they were confined to 
the blue and green. 

In the year 1878 a series of observations was made upon 
the specetrum of lightning in Colorado, by A. Schuster, In 
order to secure the greatest accuracy he restricted himself 
to the portion of the spectrum between the wave-lengths 
500 and 580 millionths of a millimetre, which includes nearly 
the whole of the yellow and green. The instrument 
employed was a direct-vision spectroscope with adjustable 
slit; the measurements being taken by a bright line in the 
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chief focus of the telescope (see Fig. 45). The slit was 
sufficiently displaced to bring the line to be measured in 
coincidence with the bright line which extended as far as the 
middle of the field. The measures were always taken at 
night, and the spectroscope left undisturbed till the morning, 
when the neighbouring Fraunhofer lines were measured, and 
the position of the bands determined by interpolation. The 
adjustment in position cannot naturally take place during the 
instantaneous illumination of a flash of lightning, but during 
the repeated occurrence of the flashes the adjustment may 
gradually be made more exact, until complete coincidence 
is obtained. By this means an observer may obtain several 
readings for each band. Schuster also comments on the 
variability of the spectra, being sometimes linear and some- 
‚times continuous, or consisting of bands. The following is 
















the result of his measures :— 


Band. Wave-length. 
a 559"2. 
ß 533°4- 
Yy 518°2. 
ö 516'0. 


The bands 8 and y are identical with those previously 
observed by Vogel; a and ö could only be determined on 
a single occasion. The conclusion arrived at by Schuster 
as the result of his observations of the band spectrum of 
lightning is that this spectrum resembles that obtained at 
the negative pole of a vacuum tube filled with oxygen, in 
which a trace of carbonic oxide has been left. 

These investigations lead to the conclusion that the 
difference in the spectra of lightning depends upon the mode 
in which the electricity of the atmosphere is discharged, 
whether through the earth or between the clouds. When 
an electric cloud discharges itself into the earth, the dis- 
charge occurs at a state of high tension, and, accompanied 





“=. 
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by a great development of heat, darts to the ground in the 
form of a forked flash, passing on its way through the 
atmospheric air, that is to say, through a gaseous mixture of 

oxygen, nitrogen, watery vapour, and carbonic acid. Accord- 

ing as one or other, or several of these gases are raised by 

the flash to a glowing state, the spectrum of the lightning 
assumes a different form. When the discharge takes place 
from one cloud to another, it may occur in the form of a 
brush. Inthis case, both clouds being pointed and indented, 
any high degree of tension cannot be attained, and the current 
frequently passes as a rapid succession of discharges which 
take the form of a brush of light. The various kinds of 
electrical discharges are accompanied by a corresponding 
variety in the report; if in the form of a spark, a single 
sharp crack is heard ; the brush discharge is never accom- 
panied by a single clap, but always by a hissing or rushing 
noise, with a series of faint cracks in rapid succession ; the 
glow discharge is noiseless. t 
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To page 41. 
REFRACTION THROUGH A PRISM. 


The course of a ray in its passage through a prism and its 
consequent deviation is determined by the size of the angle of 
incidence formed with the first surface of theprism. In Fig. 290, 
let BAC represent a prism, & the refracting angle, De the 
incident ray, er the path of the ray through the prism, and 7 E 
the emergent ray, fed and g A d the perperdiculars at the points 
of incidence e and A. 

Let x be the angle of incidence on the first surface A B of the 
prism, and y the corresponding angle of refraction ; let y, be the 
angle of incidence (inside) on the second surface A C of the prism, 
and a,the angle ofrefraction (outside). Now, it isevident that in 
the triangle e 4 A the outeranglez=y+y,. And asthe sides of the 
angle z are perpendicular to the sides A Band A C of the refract- 
ing angle &, z=d, and therefore y+y,=#: that is to say, the sum 
of the two angles formed within the glass by the ray and the per- 
pendicular is equal to the refracting angle. If, therefore, one of 
these interior angles y and y, should either increase or diminish, the 
other must also increase or diminish to the same amount. 

Further, the total deviation @ suffered by the ray in its path 
through the prism is equal to the sum of the two deviations taking 
place at the two surfaces ; thus :— 

a=(x-y) + (a1 Yı) 

ora=(x+x) — (y+yı), and as 

y+yı = $, so also 

a=x+xX-$; 
that is tosay, the defraction suffered by a ray in its passage ihrough 
a prism is equal to the sum of the two external angles of incidence 
x and x, minus the refracting angle of the prism. Fig. 23 (p. 44) 
represents a prism mounted so as to allow of a continuous revolu- 
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tion round its refracting edge, whereby the angle of incidence x 
being constantly changing in reference to the first refracting surface, 
the amount of deviation of the rays passing through the prism is 
also constantly varying. But it is found by experiment that there 
is one and only one definite position ofthe prism, and consequently 
one definite value of x, in which the deviation of the ray is smaller 
than in any other position—that there is, in fact, a position of 
minimum deviatıon. 

It will be at once seen that the minimum of deviation occurs in 
the position when the ray Zasses through the prism symmetrically. 

In order to convince ourselves of this important projposition, le: 
us suppose that the minimum of deviation does not occur when 
the angle of incidence is such as to cause a symmetrical course 


FıG. 290. 














Refraction of a Ray of Light by a Prism. 


through the prism, but when the angle x has some other value. 
In this case x, is no longer equal to x, and as obviously no change 
in deviation is effected by interchanging the angles xand x, and 
y and v,„ it follows there must be a second minimum of deviation 
answering to the angle of incidence of the value of a,; this, how- 
ever, experience entirely contradicts. 

Minimum deviation does in fact occur when the ray passes 


i & 
symmetrically through the prism, in which case a=x, and y=yı= 


Therefore the deviation in this instance is 


a=2x—d, 
a+o 
consequently x = ——. 
2 
a E= o 
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If this equation be divided by the index of refraction u of the 
substance of which the prism is composed, the result obtained is 
as follows : as 





sin x R .. 6 
= sıny=sn- ; 
2 
. . Ü 
sin ER . sin at® 
2% 2 


a+p 


2 


sin 

therefore u = 
sin B 
2; 


That is to say, in order to determine the co-efficient of refraction 
for a prism, it is only necessary to measure the smallest deviation 
a, and the refracting angle &, which can always easily be accom- 
plished. 


&PPENDIX. DB. 
To page 52. 
DISPERSION OF LIGHT. 


If the index of refraction of the extreme red rays be represented 
by a, and that of the extreme violet rays by w,, then the difference 
M, — ja, may be regarded as the measure of the dispersive power 
of the prism. The greater this difference is, the greater is the 
amount of deviation of the violet and the red rays from the 
original line of incidence. 

According to Fraunhofer, these differences and the mean index 
of refraction for the green rays—as an example—were found to be 








as foılows :— 
e | | 
| Av Ur | Index of Refraction 
For a Prism of Water . . Eu 00132 13378 
For a Prism of Oil of Türpentine | 0'0233 1'4783 
For a Prism of Crown Glass No. 13 . 0'0203 15313 
For a Prism of Flint Glass No. 30°. . 0'0425 106373 











With the same angle of refraction, the length of spectra formed 
by these prisms of various substances is nearly in the proportion 
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of the values given for a, and w. The spectrum from a flint 
glass prism is double the length of that formed by crown glass, and 
nearly three and a-half times the length of the spectrum formed 
by a water prism. Disregarding for the moment the dark lines in 
the solar spectrum, we obtain in Fig. 32 (p. 61) a clear represen- 
tation of the. dispersive power of these three substances. With 
the same angle of refraction a prism of bisulphide of carbon gives 
a spectrum very much longer than that given by a flint-glass 
prism, and this even is surpassed by one obtained from oil of 
cassia. 

A comparison of the indices of refraction for various substances 
for any one coloured ray shows that the dispersive power of prisms 
of various substances is not proportional to the index of refraction 
of any one coloured ray. For while between flintand crown glass 
the difference in dispersive power is as 2 to 4, or as I to 2, the 
mean indices of refraction are nearly as 5 to 6. The dispersive 
power of a prism of oil of turpentine is greater than that of crown 
glass No. 13, but the index of refraction of oil of turpentine is 
considerably smaller. 

It has been already remarked that in spectra formed by prisms 
of various substances, but of the same refracting angle, even when 
the spectra as a whole are the same length, there is a considerable 
difference in the spaces occupied by each colour. While the 
difference p,—y,, that is to say, the difference between the 
indices of refraction for the extreme violet and red rays, gives a 
true indication of the length of the spectrum as a whole, the 
difference between the indices of refraction for two selected rays— 
as, for example, the central yellow and blue rays— forms a measure 
for the amount of dispersion within these rays, or for the position 
of these colours in the spectrum. The difference between the 
extreme rays is called Zofal dispersion, while the difference between 
two selected colours in the spectrum is terıned Partial dispersion. 
No connection is traceable between the dispersive power of a 
substance and its index of refraction, nor can any dependence be 
discovered between the dispersive power of a substance as applied 
to the whole spectrum and as applied to its separate parts. 
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APPENDIS GC. 
_ InDICES OF REFRACTION FOR VARIOUS SUBSTANCES. 


To page 63. 
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If the index of refraction for the extreme red and violet rays 
of the spectrum be designated, as in Appendix B, by a, and „,, then 
the difference u, —u, may be regarded as the measure of the dis- 
persive power ofthe prism employed. The greater is this difference 
in two prisms of different material, but with the same angle of re- 
fractıon, the greater also is the difference in the amount of deviation 
of the individual rays. If by the foregoing table we calculate this 
difference for the extreme rays of the spectrum H (violet) and B 
(red) in two different substances, as, for instance, in flint glass and 
water, we shall have 


for flint glass, No. 13, u, —Hr = 0'043313, 
for water, Uu—pr = 0'013242. 


The proportion, therefore, between the total dispersion of these 
substances is 3'270, that is to say, the length of the spectrum 
given by flint glass is to that given by water as 3'270 to ı, orin 
other words, the flint-glass spectrum is 3'270 times as long as the 
water spectrum. 

If in the same way this proportion be calculated for the partial 
dispersion of the intermediate pairs of rays C and B, DandC, 
E and D, Fand E, Gand F, H and G, very different results will 
be obtained, and these will likewise show how much longer any 
specified portion of the spectrun, as, for instance, that between 
C and B, is ina flint-glass spectrum than ina water spectrum. If 
these results be compared, it will be at once apparent that the 
comparative lengths of individual parts of the spectrum are not 
proportional to the total length ofthe spectrum. In the following 
table this proportion is given for the total and partial dispersion 
of four pairs of prisms of different substances, but the same 
refracting angle. For economy of space the indices of refraction 
are indicated by the Fraunhofer lines to which they corre- 
spond;; the simple letters refer to the first of the two substances, 
and the letters with ,„, added relate to the second substance. 
The first column of figures expresses the proportion of total 
dispersion. 
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| | k 
HB | C-B DC [ED | FE | GE | H-G 








Refracting Substances. 





























Flint Glass No. 13 
Weter . . 

Flint Glass No. 13 
Crown Glass No. 9 
Flint Glass No. 30 
Crown Glass No. 13 
Flint Glass No. 23 
Crown Glass No. 13 





3'270 | 2'562 | 2'871 | 3'073 | 3'193 3'460 | 3'726 











2.086 1'932 1.904. | 1:097 1220017. 21431 2:233 





| 
% 2'088 | 1'900 | 1'956 | 2'044 | 2'047 | 2'145 | 2'195 
| 
| 


2'116 | 1'904 | 1'940 | 2'022 | 2'107 | 2'168 2 268 
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MEASUREMENT OF THE WAVE-LENGTHS O® THE DIFFERENT 
COLOURED Rarvs. 


The equation discussed in $ 37 presents also & means of de- 
termining the wave-length of homogeneous light. If the dis- 
tance C a, of the first dark band from the middle of the central 
bright band be designated by a,, then 

TR 
E 
The quantities a,, s, and E may easily be measured, and by their 
means the value found by calculation of A, the wave-length of the 
homogeneous light employed. 

In an experiment of this nature Müller obtained the following 
results: with a width of slit s=o'015 inch, and a distance of the 
screen from the slit E=93 inches, with red light a,=o'15 inch, 
and for blue light @ a,=o'ı inch. If these numbers are reduced 
to the foregoing formula, the wave-lengths are = 


for red light A = 0'0000242 inch, 
for blue light A = 00000161 inch. 


The faintness of the image precludes the possibility of measuring 
the distance a, with great exactness ; therefore, apart from the 
circumstance thata a, is not absolutely equal t0 x C=E, the 
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values obtained for the wave-lengths by this method cannot lay 
claim to extreme accuracy. Better results are achieved by the 
use of delicate instruments for angle measurement, such as theo- 
dolites, goniometers, or spectrometers. It will be seen from Fig. 66, 
p- 113, that in the triangle a cd}, as the angle 


acd =qaC=d, 
aa, = ac, sınd, 


or if ac be again represented by s, and a, a, @,.. .. be taken 
in the former acceptation, 


A=s.sind. 
If for the deflected rays @ a, @a,. . .. . succeeding those marked 
d3dy.. .. the corresponding angle of inflection be designated 


by &,, then again, according to the foregoing, 
2A=5.5nd5 3A =S. sin db, etc. 


If through the telescope of such an instrument the three successive 
angles of inflection &,, &:, &;, for the first three dark bands be 
observed and measured, then from these angles and the width of 
slit the wave-length may be found. 

By an observation of this kind when using the orange light due 
to sodium and a width of slit s=ı'ı mm. the angle of deflection 
for the first dark band was found to be d,=0° ı’ 51". By these 
data calculation makes the wave-length of the yellow light of 
sodium A=0'0005917 millimetre, which nearly coincides with the 
value given for D in the annexed table. 

Homogeneous light is to be found in the solar spectrum when 
the slit is sufficiently narrow, and other precautions are taken, and 
if the slit be illuminated by different colours in succession, and 
the foregoing method adopted for the measurement of each colour, 
the wave-lengths for each separate colour may be obtained. Ifthe 
velocity of lıght be divided by the wave-length, the result gives 
the number of vibrations per second of the ether molecules. 

The following table gives the wave-lengths in millimetres of the 
colours corresponding to the Fraunhofer lines of the solar spec- 
trum, and their vibrations per second. As the Fraunhofer lines 
themselves yield no light, they cannot serve to illuminate the 
slit; the figures, therefore, in the table were not obtained in the 
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anner above named, but were computed according to a method 
which is described in $ 39. 


Number of Vibrations in a 





Fraunhofer Lines. Wave-lengths in Millimetres. Sarard, 
B 0'0006897 | 428 billion 
c 0'00065 59 464» 
D 0'0005888 | Ei Er 
E 0'0005265 Sinn us 
F 0'0004856 626 ,, 
G 0°0004295 | TODE: 
H 0'0003963 OS: 











If white light be used to illuminate the slit, the image, instead 
of being composed simply of dark bands alternating with bright 
bands of one colour, will present the appearance described in 
$ 37, in which, through the overlapping of the various mono- 
chromatic images, the dark bands will be no longer black, but 
‚appear of a dusky hue bordered by coloured stripes. 





ASESEIBSNDIDEISXEERR 
To page 133. 
ÄDJUSTMENT OF THE SPECTROSCOPE. 


When it is required to identify the kind of light (colour) of a 
line in any portion of the spectrum, or to register the absorption 
of a certain colour, not merely in relation to the instrument in 
use, but to give its absolute place, the methods described in $ 27 
are quite inadequate. Measurements taken by an arbitrary scale, 
or by means of a micrometer, or by the angular motion of the 
telescope, are not sufficient for this purpose. It must be remem- 
bered that the dispersion of individual spectroscopes varies greatly, 
being dependent on the construction and number of the prisms, 
the size of the refracting angle, and the dispersive power of the 
substancces of which the prisms are composed ; consequently the 
position of any particular coloured line with respect to the other 
colours of the spectrum may vary considerably in different in- 
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struments. The only legitimate way of fixing the position of any 
coloured line is to determine its wave-length. 

The following table after Watts gives under a the place of the 
Fraunhofer lines B, D, E, F, and Gin the spectra formed by three 
prisms of different composition—crown glass, flint glass, and bisul- 
phide of carbon—but all of the same refracting angle, 60°; and 
under Ö the places of tlıe same lines in a diffraction spectrum, 
supposing in every case the distance between B and G to be 
divided into 1000 equal parts. 





(a) Dispersion by the Prism. | 





Beenäholir BE ei | (2) Diffraction by 
> Crown Glass. | Flint Glass. | ei of VRR 
B o [6) | o o 
ID 236 220 194 381 
E | 451 434 | 400 624 
F 644 626 | 590 784 
G | 1000 1000 1000 1000 
| 





From this it is evident that the most careful measures of 
spectrum lines, if derived from the scale or by means of 
angular measurement, cannot be compared with the results 
obtained from other instruments, and are, therefore, of secondary 
value. A registration of the relative position of the lines accord- 
ing to their wave-lengths is subject to no deviation ; the positions 
are invariably the same however the diffraction spectrum may have 
been produced, or whatever the kind of grating employed. 

If, therefore, the results of spectroscopic observations of various 
observers are to be compared, the observations must be made 
either with diffraction spectra, or, if made with prismatic spectra 
in an ordinary spectroscope, the readings of the scale must be 
reduced to wave-lengths. 

The determination of the position of the Fraunhofer lines, and 
the examination of the spectra of terrestrial substances, have been 
accomplished mainly by means of diffraction spectra, but as this 
method always involves the use of a costly grating and a still 
more costly goniometer, it is not adapted in all cases to take the 
place of the prismatic spectroscopes now in general use. 

The reduction of the readings of the ordinary spectroscope to 
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wave-lengths is accomplished by means of interpolation, either by 
calculation from a formula, or, graphically, by comparison with a 
drawing. 

The well-known dispersion-formula of Cauchy forms a basis for 
the computation of wave-lengths. It expresses the relation between 
the index of refraction u of a certain coloured ray and its wave- 
length X by the equation 


[4 


b 
BT, + 


in which @ d c are constants, being dependent upon the nature of 
the refracting medium. If this formula be reduced to its first 
two terms, the three equations for three different coloured rays 
will be 


b BL, b 
M=a+t aa ee 12 Beet 


If from these equations the quantities @ and 5 be eliminated, 
he wave-lengths of these three rays will be expressed :— 
Ka T Ka 


(Hz - Kı) _ (Ma Aı) 
Ay2 As2 


N = 








Aa 2 Ba 7Kı 
a  — m) „I — En) 
As2 A12 
I = ra 
(Ka = Ki) _ (Ha = Mb) 
A52 A12 
By the help of this formula the wave-lengths of an unknown ray, 
A, for instance, may be found, if its index of refraction u, be 
known, and if the indices of refraction j, and u, and the wave- 
lengths A, and A, of two other rays be known also. The first or 
the third formula is of use when the wave-length of the unknown 
ray is smaller or greater than either of the known rays—extra- 
polation; the second formula is used when the unknown 
wave-length lies between the wave-lengths of the known rays— 
interpolation. 
The foregoing formula would not be of great practical value 
were it always necessary to determine beforehand the index of 
refraction ofthe unknown ray. Nevertheless, it has been remarked 
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by Mr. W. Gibbs, that if the angular distance between the three 
spectrum lines in question be not very great, the angles of devia- 
tion may be substituted in the equations for the indices of refraction, 
without introducing any material error in the determination of the 
wave-length. The quantities 4, A, A, may therefore be also 
obtained by the direct angular measures of the spectroscope if 
the observed lines are not too far removed from the unknown 
line, bat the results are all the more accurate the nearer the lines 
in question are to one another. These formule will not reduce 
to wave-lengths observations that are registered by an arditrary 
scale. 

The most convenient method of reducing the results of obser- 
vation to wave-lengths is undoubtedly an interpolation curve 
specially constructed for each instrument, in which the equiva- 
lents of the readings are given in wave-lengths. For this purpose 
it is necessary first to find out, by means of a series of careful 
experiments, the divisions in the scale that correspond to the 
principal Fraunhofer lines C, D, E, 2, F, and G, as well as to the 
best-known and most easily produced bright lines of terrestrial 
substances, such as thallium, lithium, hydrogen, the air, etc., the 
wave-lengths of which are well known by direct observation with 
diffraction spectra. The next step is to take a large sheet of 
paper, ruled into small squares, the horizontal lines—abscisse— 
of which represent the readings of the scale of the spectroscope 
and the vertical lines—ordinates—the wave-engths. Upon this 
the points in which the lines of the scale intersect the corre- 
sponding wave-lengths are marked, and these points are to be 
united by a curve. This forms the wave-length curve for the in- 
strument in question. To ascertain the wave-length of a certain 
line, the place of which has been read off on the scale, it is only 
necessary to seek out the corresponding reading on the horizontal 
line, and to trace it vertically up to the curve. This point gives 
the wave-length in parts of a millimetre, according to the scale 
laid down in constructing the curve. 

Lecocq de Boisbaudran has published the curve prepared for his 
instrument with a photographic scale ; the wave-lengths are given 
in millionths of a millimetre with a decimal of one place. The 
divisions of the scale may be estimated to within about two places 
of decimals. 
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Observed Lines. Die of Wave-lengths. 
Potassium (after Fraun- 
HOrSEA) ae ron OB 768'0 after Mascart (middle of both 
lines). , 

Potassium (Fraunhofer @) .| 72'50 718'5 after „ Angström. 

Potassium (Fraunhofer B) . | 77'81 6867 ,„ Angström. 

Bekaım 2» = =. = | .8078 670'6 ,, Mascart. 

HE 5 2 0% . .1 985 6102 ‚,„ Thalen. 

Cadmium: . u 0...0.5 1:86:25 6438 ,„ Thalen. 

ZUG: « . .1 8800 636:1 ,, Mlascart, , 

Ha = Fraunhofer e. ES ‚6562 ,‚, Mascart, Angström. 

Sodium (Fraunhofer D). .| L00'00 589’2 ‚, Fraunhofer (middle of 
both lines). 

BOnnEE Een an. „|toR25 | 378-1 lhalen 

Copper CH) 5700 ,‚, Thalen. 

1. Oro 5 (01°110'0) 5607: „„ Thalen, 

SUN ee rn lore) 546°4 ,, Thalen, Mascart. 

Morallem. „. * - . . «111840 534°9 ,, Mascart, Thaleı, im 
middle. 

ae... 8%. u..lT24Mo , 152018 „„„ Mascart, Thalen, in mid. 

Cadmium . = 2 130108 5085 ,, Mascart, „Thalen, inmid. 

156 Fraunhofer F. . . 14175 4861 ,, Mascart, ‚Ängström. 

Cadmium . 2224152385 14677 ,‚, Mascart, Thalen. 

Srontum . » ... . „115760 4607 ,„ Mascart, Thalen, middle. 

I one 2 Pass) „„ VEhalen. @ 

HEINE na aueh 30808 4307 „ Thalen, Angström. 

Bam 2 20%. 2.8.2.1 18828 4226 ,‚,, TIhalen, Mascart. 

indium .". . | 200'83 410 ,„ Toalen. 

Calcium (Fraunhofer H ) 2 276.33 3968 ,, Thalen (Ca), Ängström. 
(H)). 

Calcium (Fraunhofer H,) . | 220'75near | 3933 Thalen (Ca), Ängström, 
(B,). 








It is obvious that the results given by the wave-length curve 
will be the more accurate the larger the scale upon which it has 
been drawn, and the greater the number of spectrum lines used 
in its construction. It is necessary from time to time to subject 
it to revision, as from the movement of the different parts of the 
Instrument in relation to the scale or to the prism small changes. 
may readily creep in. On this account it is desirable, when the 
measures are taken with a photographic scale, to have the scale 
adjustable by a separate screw; it is then easy to bring any 
division—by preference a round number, ıo, 50, or Ioo—into, 
agreement with any of the lines to be measured, the sodium line 
D for instance, and thus to test the accuracy of the scale before 
the commencement of each observation. 
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APPENDIX F. Zage 152. 
Bunsen’s Mars. 


The spectra of elements are not always in accordance with 
those of their chemical compounds; in order, therefore, to ensure 
the purity of these spectra, it is necessary that the elements them- 
selves should be in a condition of absolute purity when submitted to 
volatilization. For practical purposes, however, such as the con- 
struction ofspectrum maps intended to form a standard of reference 
for the recognition of elements in laboratory work, selection should 
be made ofthe chemical compounds that are most volatile and easy 
of exhibition. Pre-eminent among these are the chlorides ; but in 
every case the drawing of a spectrum must be accompanied by a 
statement of the form of the compound in which the element was 
volatilized, and of the kind of heat to which it was subjected. 

In the year 1860 the flame spectra of a number of elements were 
drawn by Kirchhoffand Bunsen, and the position of the bright lines 
given with respect to the prominent dark lines of the solar spectrum. 

Bunsen* has recently reverted to this branch of investigation, 
and has given great attention to the purity of tne elements. His 
method of procedure is described in $ 40. His observations in- 
clude both the flame spectra and those of the electric spark, and 
the lines are drawn upon a scale in which the atmospheric lines 
and the most prominent Fraunhofer lines are also introduced. 

The elements of the alkaline group—Potassium, Rubidium, 
Caesium, Thallium, Sodium, and Lithium—can be much more 
readily recognised by the flame spectrum than by the spark 
spectrum. Ofthe prominent and characteristic lines which form 
the flame spectra of the chlorides of potassium, rubidium, and 
caesium, only a faint trace remains when the electric spark is 
used, and in the case of potassium the disappearance is total. 
For the recognition of elements belonging to the group of alkalies 
a Bunsen burner is therefore a necessity. 

Of the alkaline earths spectra are given by the chlorides of 
calcium, strontium, barium, and magnesium, and of other com- 
pounds spectra by the oxide of erbium, and the chlorides of 
erbium, yttrium, cerium, lanthanium, and didymium, besides the 
very characteristic absorption spectra of erbium (No. ırA) and of 
didymium (No. ı5A). 

* Pogg. Ann., vol. 155, pp. 230, 366. 


APPENDICES, 


APPENDIX G. 
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MEASUREMENTS OF THE WAVE-LENGTHS OF THE FRAUNHOFER 
jo) 

n Lines, BY A. J. ANGSTRÖM. 

The first column refers to the scales of Kirchhoff, Hoffnann, and Thalen. 
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{ fe ‚ } Mea 
Lines. W Re Lines. a 2,00 Lie. Trank: 
E 5268:98 5352'43 | 543485 
5272°52 536072 5435°44 
527427 536190 544424 
5275'04 5363°97 5445'93 
527959 5364'39 545470 
| 5280'92 536651 5462'31 
5282.64 5369°01 5463'19 
5286°23 5370'51 546561 
5287'61 5372°57 546974 
5291°68 5376°56 5472'26 
5292°57 5378'62 547329 
5296°07 380'20 .| 5475'90 
5296°56 \  5382'33 547740 
5297'49 5388°49 548015 
5299°96 | 5389'46 5482'37 
5301°47 .5390°59 548680 
5302°87 539124 5488°91 
5304.98 539224 5492°49 
5306'47 | 5393'49 549348 
5307'73 5396°05 5496°60 
5313'00 5397'21 5500°51 
531439 5398°26 5501'85 
5315'92 | 5399'57 550276 
5320'48 13911 540313 550512 
5321'29 13895 | 540481 5505°85 
5323°35 5507°55 
5327'28 1391°1 5403'14 5509'29 
5329'07 1389°5 5404.81 5511751 
5330°54 5406°53 551181 
533201 5408°59 5513'35 
5333'82 540898 551564 
533589 | 5410'0I 5519'50 
\ 3336°93 5412°43 5521°50 
533761 5413'40 552303 
5339°21 5414°94 552467 
5340'24 5416°08 5525'91 
5342'07 ı  5417'92 1280°0 5527'40 
534261 5419'48 
5344'98 5420'12 1280'0 5527'40 
5345'44 5423'56 5529'50 
5347'37 5428°82 553163 
534861 543175 5534'07 
5351'22 5433°03 55306°34 
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Mean 
Wave-lengths. 


Mean 


® : Mean 
Lines. Wave-lengths. Lines. Wave-lengths. 


5541'96 566281 5803'50 
5542'69 566453 5804°43 
5545'45 566603 580582 
5552°65  .5674°44 580716 
5553'90 5677'94 5808°34 
5557'08 5681°38 581314 
5559'26 5683'47 581552 
5561°78 \ 5685754 | 5821°71 
5562'74 568720 5832°49 
556464 568934 5846'27 
5566°36 5690°60 584736 
5568'50 5692°77 585134 
557168 5693°97 5852°70 
557490 5695°46 5854'39 
5577°55 5697'24 5855'24 
5580'80 570040 5856'46 
5583'82 5702'58 5858°54 
5585°55 5703'45 | 5861"42 
558665 570502 5863'19 
5587:62 5706°00 .\  3865°32 
5589'03 5707'14  .5879'00 
559118 570831 5880'07 
559262 5709'91 588256 
5593'42 5710'80 \ 588303 
5597'17 5713'29 5885°13 
559892  5713'95 588653 
5600'21 | Byıbız 588896 
5601'70 | 571684 589190 
5604'51 572576 »1.5894:94 
5616°08 5730'50 
561781  .5740'88 5888:98 
5618°49 5746'74 589064 
561927 5751°95 5891°42 
5623'22 575213 589196 
562436 575352 589236 
5632°65 575606  .5894"90 
563453 5760'16 5894'99 
se E u: 
aa 94 
5640'21 576190 5897'26 
5643:05 577119 589795 
564459 5774'07 589896 
5647'97 5777'46 5900'38 
5651:60 5779'80 5901°30 
5653:36 578125 590262 
5654°42 5782°66 - 5904°41 
565671 578465 5907'10 
Au Mn u 
5790° 0957 
5792'26 9911794 
5657°56 5793'03 591315 
5659°63 579638 591445 
56€ 151 5797'25  .5917°36 
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Mean 
Wave-lengths. 


Mean 
Wave-lengths. 


Mean 


Wave-lengths. Lines. 


Lines. Lines. 





EEE EEE, nn nn a 


591894 6055'09 6212'34 
5920'72 606450 6214°09 
5921'54 6075'67 6215°46 
607761 6218°25 
6081'91 6220'88 
6083'08 622235 
608650 6225'40 
6088:23 622813 
6090°40 622969 
609224 6231'50 
6093'84 623611 
609502 6236°87 
609748 6237'33 
609890 6239'20 
6101'74 6240'29 
6104'40 6242'38 
6107'18 6243'27 
6109'93 624540 
6115'32 6246°33 
611874 6251'54 
612115 625318 
612373 6255'29 
6125'Io 625762 
6126'81 6260'15 
6128°42 6262°46 
6130'40 626409 
613563 
6136°63 








6264°09 
613613 626913 
6140°61 626993 
6143 89 6276°09 
6146°76 6276°86 
6148'08 6278°24 
6150'48 6270°56 
6153°13 6281°58 
615369 628476 
6154°21 6286°46 
615670 6290'07 
6160°03 6291'54 
6161'20 6204°03 
616249 6296771 
6163°75 6298°50 
616542 6300'79 
6168'28 6301'64 
6169°39 6309°54 
ee 6313:93 
617430 6316°92 
6175'74 631816 
6022°97 617925 6321'56 
6025'95 6187'05 6334'29 
604118 619050 6335°91 
6053'08 619964 | 633796 
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Lines. 


7900 


757'0 


7317 
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Mean 


Wave-lengths. 


634315 
6346°09 
6354°03 
6357'67 
6361'16 
6364'23 
637732 
6379°73 
6392°61 


639902 


6399'02 
6407'12 
6410'12 
641384 
6415'64 
6418'90 
6420'36 
642985 
6431'46 
6438°08 
6449'00 
6453'82 
6461'70 
6463'46 
6466'86 
646850 
6470'47 
6471'57 
647457 
6478°73 
6480'90 
6482'51 
6488°40 
648979 
649213 
649272 
6493'90 
649484 
649603 
6497°97 
6501'51 
6511'36 
6513'90 
6515'53 
651732 
6518'28 
6522°87 
6531°47 
6532'95 
6535°96 
654118 





Mean 
Wave- a, 


Lines. 





6542'96 
6545'12 
654758 
6549'79 
655150 
6555'91 
655730 
6558°14 
6559'51 
6561'81 
6567'91 
6571'09 
657376 


526898 
5267'23 
526577 
5264°52 
5263°35 
5262°44 
5260'95 
525963 
5254°06 
5252°45 
5251'00 
5249°66 
5248°45 
5246'28 
524271 
5241'52 
523901 
523630 
523438 
5233°58 
5232°I0 
5229'00 
5227'49 
522624 
5224'28 
5217'14 
5216'50 
5215°50 
521436 
5209'45 
5207°64 
520523 
5203'74 
5201°53 
519973 
5197'92 
5197'03 
5195'18 
5194°09 


2 
bi, 


b; 
d; 








Mea 
Wave- die. 


5191°65 
5190°53 
518818 
5187'35 
5185'10 
5182'96 
518261 
517202 
517106 
516834 
516674 
5179'52 
517813 
517638 
517559 
5172'02 


516675 
516574 
516459 
5161'62 
5158°50 
5155°06 
5153°08 
5152°55 
515126 
5150'14 
514749 
5145°73 
514450 
514202 
5141'23 
513864 
5136°79 
5132°96 
513083 
5128°60 
5126°67 
. 5125'47 
512440 
5123'18 
512104 
5119'94 
511487 
5112'32 
5109'80 
510884 
5107'02 
5104°95 
510363 
5102'20 
5099'05 





Lines. 





Mean 


Wave-lengths. 
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583 





Mean 


Lines, | Wave-lengths. 











5098°14 
5096'50 
5090'31 
5083°54 
5082.46 
5081'78 
508064 
507974 
507881 
5077'87 
507582 
507410 
5071'70 
5068'13 
5066°37 
506439 
505973 
5050'97 
5049'35 
5047'78 
5043'40 
504118 
5040'14 


504066 
5038'16 
5035°33 
5030'13 
5028:98 
5027'29 
5026'40 
5025'62 
5021'75 
5021'16 
5019'38 
5017'62 
5014'08 
5013'34 
5011'42 
5006'58 
500523 
5003'07 
5001°97 
500103 
499972 
499880 
499740 
499591 
4993'28 
4990'34 
4988°32 
4984 70 
4983'31 








4982'59 
4981'82 
4981'03 
497962 
4977'80 
497575 
4972'29 
4967'30 
4965°33 
496464 
496166 
1961'0 495673 


c19610 | 495673 
495429 
4951°96 
\ 494940 
\ 4945°53 
4944°55 

494183 
4938°60 
493723 
4936°35 
4935°07 
4933°41 
493275 
493117 
4929'47 
492686 
4924'50 
4923'06 
4928.30 
4919'75 
491817 
491761 
4916°43 
4913'21 
491118 
490700 
| 4903'94 
4902°47 
4899°33 
4895'82 
4892'19 
4890'84 
489005 
488826 
4886°67 
488588 
4884'52 
4883'16 
4882°88 
4880'98 





In 








Mean 
Wave-lengths. 


4877'43 
487532 
487294 
4871'29 
4870°47 
486751 
4865°30 
4806354 
486060 


4860'60 
4859°17 
485473 
4850'90 
4848'10 
4842'40 
4839°16 
4837°67 
4835'06 
4833'25 
4831'78 
4830'20 
482843 
4822'76 
4819'77 
481695 
4811'56 
4809'69 
480803 
480636 
4804'41 
4802°33 
479991 
4799'00 
4797'57 
4791°65 
478860 
478577 
4782'60 
477872 
477553 
477178 
477023 
4767'45 
4765'78 
476465 
4761'54 
476071 
475694 
4755'22 
4753'35 
4751'20 
4747'22 
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— en = 


Tinse | Mean er Mean r Mean 
= | Wave-lengths. i Wave-lengths. ai Wave-lengths. 
| 





4745'20 i 449373 
4743'45 ; 448940 
474177 4484'87 
4736°12 448379 
4732'95 88 4482°99 
473083 ; 4482'20 
4726°58 i 4480°90 
4723°57 # 447927 
4721°41 85° 4475'38 
471432 4472'37 
4713'69 446942 
AIIL DE ' 446593 
4709°3 4463'9 
4708'25 5 4461'I0- 
470649 & 4458°59 
4702'32 "80 4457°69 
4454'02 
er 445035 
4700°83 4449'44 
4697'97 4446°92 
4690°57 ; 4442'24 
468126 i 4434'48 
4679'54 443134 
467792 4429'85 
4676'80 f 442680 
4672'30 5 4424°99 
15 
466634 4418°03 
Er / is 
4661° £ 4414'70 
465602 i 
4653°93 
465111 ; 441472 
4647°85 j 4407'74. 
464525 ; 440420 
4643'19 £ 4401'68- 
4639'67 A 440072 
4638'84 z 4399'58. 
463716 439458 
4633°96 | .4393°49 
4632°04 4392°97 
4629°63 438943 
4627'18 i 4388°48- 
462487 \ 438679 
4621°64 ; 438470 
el | eg 
4616° h 4380'44 
4615'42 437911 
4612'64 4375'41 
4610°64 437417 
4606°67 4370°55. 
460450 4369'22. 




















Lines. 










































Wave-lengths. 














Mean 
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Lines. 


Mean 
Wave-lengths. 


Lines. 





4367'52 
436635 
4362°93 
4359'06 
4358°20 
435568 
435452 
4352°47 
435182 
4350°82 
4346°70 
434440 
434306 
4340'06 
433675 
4335'10 
433458 
4332°06 
4330°04 
4325'16 
4307'23 


4325'16 
432281 
4320'27 
431801 
4316'64 
4314'58 
431372 
4312'43 
431170 
4507'23 
4305'28 
4301°93 
4300'64 
4298°54 
4297'62 
429674 
4295'00 
429393 
4292'05 
4290'67 
428941 
428875 
4287'44 
4283'95 
4282'20 
4280'48 
4279'64 
427693 
4274'59 
4273'01 
4271'29 


3040°0 


3040°0 








4269'47 
426771 
426394 
4261'39 
425999 
4258'40 
425533 
4253'87 
4252'42 
4250'51 
424978 
4248'13 
4246'86 
4245'17 
4243°09 
424189 
423872 
4236°64 
4235'54 
423298 
4229'14 
4220°34 


4226'34 
4224'20 
4222'86 
422169 
4218'32 
4216'56 
4215'31 
4213541 
4209'88 
420623 
4204°53 
4203'27 
420154 
4200'25 
4198°I1 
4197'96 
4196°50 
4195'40 
419471 
4191'16 
418847 
4187'17 
4186°67 
418352 
4181'34 
417884 
4177'09 
417176 
416663 
4164°94 
416313 


er 


h 


H! 
H!! 














. 


Pe) 


Mean 
Wave-lengths. 


4160'86 
415851 
415742 
415573 
4153'78 
4151'52 
4150'35 
4148°59 
4147'09 
414313 
4141'72 
4139'25 
4136'36 
4133'94 
4131'52 


ı 4127°27 


4125'66 
412282 
4121'52 
4120'56 
411871 
411777 
41or'‘18 


4Ior'IS 
409751 
4095°50 
409454 
4091'80 
408973 
4084°07 
407955 
4076'91 
4076'21 
4070'96 
406630 
4062'88 
405718 
405442 
405168 
4048'13 
404500 
4040°04 
4033°85 
4029'44 
402434 
4020'16 
401694 
4004 71 
4001'36 
3997'78 
396788 
393282 
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Mean Mean 


Lines. 


) 
R Dee N 
' Wave-lengths. Lines. Wave-lengths. Lines. ER Pe. 


G 65618 6888°0 7047'9 
65676 6891'2 7146'2 
657T°1 q 6894 '8 7160°4 
6573'6 68986 a 7163'2 

6580'2 69030 7171'5 

6585°5 69076 71759 

6592°2 6911°9 7179'4 

6592°9 6916'9 71827 

6597'1 6922'2 71849 

6603'6 69277 7189'5 

6632°7 6931'9 7191'2 

6642'5 6936'2 7195'8 

6659'2 6938°4 7198°3 

6662'4 6940'3 7202°7 

66769 69456 72048 

6700'3 6949'2 72136 

6702'3 6951'6 7220'0 

6712°9 6954 6 | 7224°9 

6714°4 6957'4 7230°4 

6716°4 6959°6 7237'6 

67258 6962'2 7242'0 

6760°5 6964 '2 7249°5 

6762°9 6969 4 7256°9 

6788°1 6984 '2 7262'1 

6818'5 69871 7274'3 

6827°6 6992'4 7285°5 

6856°0 69974 7289°5 

68668 7003'3 7300°I 

68696 70090 73071 

6870°7 70142 7314'7 

6875'9 7021'6 

6878'2 70250 7600'9 

6882°3 7034'0 +6'6 

68847 i 7625'6 
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APPENDIX H. 
To page 156. 


WAVE-LENGTHS OF THE BRIGHT METALLIC LINES IN TEN 
MILLION'IHS OF A MILLIMETRE BY R. THALEN. ö 



































Colourof | Wuve- & Colour of | yuye. & | R 
ne an 3 Remarks. ne ] ee 3 | Remarks. 
20 EEE EiE 30 El 
Potassium (K). Orange | 64490 3 
Yellow |58290| I 63430 3 
58020 | ı 61406 I 
57825 | ı 61099 3 
Banrası 2 broad 6062°0 3 
‚Green 53385 | 2 broad 60180 3 
Kam) 2 59975 3 
Blue 48270| 3 broad i 
Indi j 4 
Deere Yellow 58525 ı 
Sodium (Na). 58270 3 
Orange |61600! 2 | 58085 5 
6154 2| 2 580375 5 
5895°0| I D,; SS) 
58890 | I D, 55342 I 
Yellow |5687'2 | 3 55184 3 
56814 3 | 54250 3 
Green |51548| 3 | Green 49334 ı 
51525| 3 | Blue 48993 2 i 
149825 4 | diffused Indigo | 45534 1 | broad 
’ 45244 3 
Lithium (Li), Violet |4165°5| 2 
Red :!6705°2| ı 41305 | 1 broad 
Orange 6102'0 | 3 5 N 
Blue 146027) I | broad Strontium (Sr). 
2 Red 165500 | 4 
Cesium (Ce). 65or5| 2 | 
Koreen jagzıs | E | Orange | 6407' ol ı 
PN 63870 3 
Rubidium (Rb). 63800 4 
‘Orange |6296°5 | ı | 59705 5 
| 62040 | 2 Vellow | 58500. 5 
‚61600 | 3 | 55400 | se 
60700 | 3 155335 2 
Blue 4776°0. 4 | 55225 | 2 
n 45695 5 1550551 2 
Indigo |45510 5 54850 | 3 
Violet |4202'0| 2 broad 54800, I 
Green |52560| 2 | 
Barium E% 5238°5 W: 
Red | 65260, | 52285 ° 3 
6496°0 | 1 | 52255 | 31 
| 6483°0 | 3 152235| 3 °| 
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| 

| Colour of 
Remarks. the 

| Lines. 


ee of Ware- 
Lines. 


Wave- 


lengths. lengths. 


Intensity. 
Intensity. 


Green 4967'5 
(con£.) | 4961°5 
Blue 48760 
48720 

4831°5 

4812°0 | 

47833 
4740°5 

47210 

4607°5 | 
Indigo | 4305'3 

Violet 4226°3 | 
4215'3 


4161°0 
4078°5 broad 4306°5 
4302'3 


Calcium (Ca). 4298°5 
6498°0 42894 
6492°1 4282'5 
64685 42745 
6461°7 42715 
64490 42539 
64381 ı 4249'8 
61683 ‚4247°5 
6161'2 Violet | 4237°5 
67202 42330 
61017 4226°3 
5856°5 

Yellow | 5601'7 

5600'2 
5597'2 
5593'4 
5589°0 
5587°6 
55808 

. 153486 
Green 52694 


Indigo | 4532'I 

(cont.) | 4455'2 

44540 

44353 

44345 

44250 

44077 

44070 

44057 

broad 43930 
broad 43894 
43847 

very broad 4371 
43180 


"HH Hmm msn wu n 


s. Chrom. 


s. Chrom. 





very broad & 
very strong 


broad 


„uno uwmeuan BD DW HW DB PuNDGnNn m Hin Hiniın 


42153 
4192'5 
41885 
4143'0 
4131°5 
4098°0 
4065°5 
40918 
4077'0 


"OwnwmwmpnRvı DS 


H, 
5263°4 
5261'2 H, 
5260°8 
5188'2 


Leni 


violet I! 


Magnesium (Mg). 
Yellow | 5527'4 
Green |5183'0 
5172°0 
51667 
Blue [47035 ie and 
4586 


5865 ; 
Indigo | 4481°0 | diffused 


. 5041'2 
Blue 48774 
48481 
4831°8 
4811°6 
4607°5 
4585°3 
4580°8 
4578°3 
Indigo |4535'5 
45342 


Aluminium (Al). 


. Te Orange |637170! 3 
{s. Titan. 63445 | 3 


2 
I 
2 
I 
2 
I 
22 
I 
I 
2 
3 
4 
3 
3 
2 
4 
L 
4 
2 
2 
5264,5| 3 3968°0 
4 
5 
5 
3 
2 
3 
4 
5 
4 
4 
4 
4 
4 
5 
5 





Colour of 
lske 
Lines. 


Orange 
(con£.) 
Yellow 


‚Green 
Blue 
Indigo 


Ultra- 
violet 


Blue 
Indigo 


Orange 


Yellow 


Green 
Blue 


Wave- 
lengths. 


62440 
62340 
5722°5 
5695°5 
5592°5 
5056°5 
4662'0 
45295 | 
4510| 
4478°5 
39610 
3943'0 


Berylli 


Intensity. 


DURRWWDHMHTHPHHDND 


um 





45720| 3 


4488°5 


3 


Zirconium 
63435 | 3 


6310°0 
| 6140°5 
61325 
61270 
53845 
5349°5 
5190°5 
4815'0 
47710 
4738°5 
47095 





4680°5 
4497'5 
44945 
44430 
4380°0 


4370°0 | 


4360'0 
4242'0 
4241'5 
42285 
42095 
4209'0 
41550 
41490 
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Colour of | w 


the 
Lines. 


ave- 
lengths. 


Intensity. 
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Remarks. 





h broad 


diffused 


| bread and 
| diffused 
( 
\ 


ad 


(Be). 








Erbium and Yttrium (Erb, Yt). 


Orange 


6434°0 
62355 
6223°5 
62180 
61990 
6190'0 
61790 


Orange 
(cont.) 


Yellow 








61640 
61480 
A1zı'5 
GmT2s5 
6100°0 
60940 
60880 
6071'5 
605 3:0 
60380 
6019°0 
6003'0 
59880 
5982°5 
5971°0 
5706°5 
56610 
5646'0 
5641°5 
5929'5 
5604°0 
55940. 
5588°0 | 
5580°5 

5576:0 | 
55675 | 
55555 
55440 
55425 
55270 
55220 

55090 
5502'0 
5496°5 
5479°0 
54775 
5476°0 
5473°5 
5468°0 
5465°5 
54370 
5401°5 
5352°5 
5345°5 
53350 
52875 | 
52690 
52640 
52610, 
5239'0 | 
5205°0 








5200'0 


5195'0 


PUDNPPPrPEVDFLFHLRFHUNMI PDT PR RN PSP HUMIWDD PN PLPLP IND PL HL N DW DD PU nn = DU 


| 





Ü 








Erb and Yt 


Erb and Yt 


Erb 
Erb and Yt 


broad 
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| 


Colour of | y u 
lengths. 


Colour of 
Wave- 
Remarks. the = 
Lines, Lines. lengths. 


Intensity. 
Intensity. 


Orange | 62297 

(cont.) | 61905 

61356 

60645 

Erb and Yt 6023'0 
60191 

6007°5 

Erb, broad 6002°1 
5986'2 

Erb and Yt 5984'2 
5982°8 

5976°1 

59746 

Yellow | 5761'9 

5708°3 

5681°4 

5661°5 

56576 

5654°4 

5623'2 

56145 

5601°7 

\ Erb and Yt 5597'2 
}broad 5591'2 
5585°6 | 

broad 55749 | 
55717 

55685 

broad 5505'9 
5500'5 


5134°5 
5126°5 
51210 
5117'5 
5087'0 
4981°5 
49710 
49350 
4900°0 
4882'5 
4854°0 
4845'0 
48420 
4839°0 
4822'0 
4785°0 
4760°5 
46740 
46430 
Indigo | 4505'0 
4422'0 
43970 


43740 


4357°5 
43095 
42365 
42270 
1165 | 
a | 54966 
41270| 3 | 54868 
4102| & | 54547 
Thorium (Th). 208 
Yellow | 5698'5 ' 5404°8 
56400 5403°1 
a nn 
446°0 392°3 
53745 5382°3 
4919°0 5370°5 
4863°5 53690 
4392°5 5366°5 
4381°5 53640 
4281°0 5361°9 
42775 53524 
4272'5 5348°6 
re 
Iron (F ee 
Red | 64898 | 5327'3 
Orange | 6399°0 532374 
6300'3 5315'9 
62454 | 5306°5 





5 
4 
2 
3 
I 
4 
4 
4 
I 
I 
I 
5 
5 
5 
4 
3 
4 
4 
2 
4 
2 
4 
I 





ww Diuınw on 


vum m ww in in 


© 
— 
DUB DDNPPPUWMIW-WIWODND DD HH HOW NND NDHN HH "DOW PPPLPEPEPPPEONDDBB 





i 
Colour of | Waye- 
ı lengths. 
I 


5301°5 
(cont.) 5282°6 
5280°9 
5269°5 
5268°5 
52658 
5262°4 
52321 
5226'2 
5207°6 
5203'7 
5201'5 
51941 
51917 
5190°5 
|sızrı 
51683 
5166°7 
5161'6 
51386 
51070 
50644 
5051'0 
5049'4 
5041'2 
5040°1 





50020 
49933 
| 4990°3 
4988°3 
49567 
| 49231 
49198 
4918°2 
4390°4 
48774 
48713 
ı 48705 
ı 4859'2 

47886 

4785'8 
‚47094 
| 4708°3 
' 4706°5 
4690°8 
46534 
4632°0 
4610'6 
4602°6 
45919 
4528'0 
44147 








5005.2 | 





"OR PD DW HD HTW HN PN PS DD RI DDP RW PO WD HM mM Hu DW 


Intensity. 
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Colour of 


Remarks. the 
Lines. 


Indigo 
(cont.) 


Violet 


strong 


very strong | Green 


Warve- 
lengths. 
| 


| 
44042. 





43828 
43431 
4325'2 
43146 
43072 
42985 
4293'9 
4286°0 
42713 
4260°0 
4250°5 
42498 
4247'5 
42355 
423370 
42268 
42217 








42183 
4209'9 
4201°5 
4198°0 
4191'2 
41872 
41867 
41813 
41770 
4153'8 
4151°5 
4148°6 
41431 
4133°9 
41315 
4117'8 
40710 
4062'9 
4045'0 
4004°7 





Intensity. 


"HH NDH DH PR RD PRRFHH NT NT IN DB HH Dep Ran nm 





Remarks. 


| very strong 


strong 


G; strong 


Manganese (Mn). 


6020’7 | 
60156 
6012'5 
5515'6 
54430 
54195 
54124 
5406°5 
5399°6 
53935 
5376°6 
5359°0 

ı 5340'2 


PR PAPNnNWDDUDnNnMn HH 
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| A 
Colourof | Wave- | ' Remarks. 


Lines. 


Intensity 
Intensity. 


| lengths. 





Violet | 4029: a 


G "I 
Be a (cont.) | 39880 


(cont.) 5233'6 
51952 

Blue 4822°8 
47826 

4765'8 

47647 

47615 

47607 

47534 

4738°0 

47290 

4726'0 

j 47087 
Indigo |4503°5 
4501'2 
44982 
4495'2 
4491'0 
4489°5 
4478°9 
44724 
447095 
44640 
4461°5 
44610 
4459°8 
44577 
4457°3 
44570 
44562 
4455'5 
4455'2 
4452'0 
44504 
4436°4 
44353 
44147 
4280'5 
42650 
4258'2 
42348 
42270 
40835 
4083'0 
40796 
4062'9 
40544 
40481 
4040°5 
4033°9 
4032'8 
40317 


win 


Chromium (Cr). 
Yellow | 54090 | 
Green |5342°5 
53410 | 
5318 ° 
Bene 





HH NNDNDPLLPLLLPPH HH pp Pu mn un mUD 


42539 | 


Cobalt (Co). 
Orange |6142°5| 3 
6121'2 
60035 
Yellow | 54824 
54520 
5443°0 
5368°0 
5362°5 
53595 
5352°4 
5351'2 
53426 
53421 
52796 
‚ 5267'2 
‚5265'8 
52344 








double 


| 
1 
i 
I 


double 


Sum wwaunwumnw mn DurwamwPeumnn wm mm N Dunn DD mu m mim mp pr 


non wwWanunmnWawWnwR DW 
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| 
Colour of ae 


| 


I 


Colour of 
th Mayen | Remarks. 


e 
Lines. 


Remarks. 


lengths. lengths. 


Intensity. 





5756°0 

(cont.) | 5745'0 

5608'0 

55775 

5563°0 

5465°5 

5436°0 

5336°0 

5249°5 

Ei 
1c$- 

Ni). 51210 

broad 50740 

5048°0 

497170 

4923'8 

4911'2 

48780 

48650 

48097 

47214 

4679'5 

Cadmium 

6466°0 

64380 

6056°5 

6003°5 

59575 

59130 

Yellow | 5790'0 

5687'0 

54890 

5471°0 

5378°0 

Green | 5337°5 

5304°5 

51530 

50850 

Blue 4799'0 

4676°8 

Indigo | 4415'5 


47337 \ Lead (Pb). 

46470, Red \ 66560 | 

Indigo | 44017 5 ı Orange | 6452°0 | 

60590 | 

60400. 

6009'0 | 
6001°5 

| 5895°0 0 

58740. 
6% 





Green 52300 
(cont.) 52120 
Blue 48670 
4839'0 
48135 
4791'7 
47787 
47485 
45808 
Indigo 1! 4530°5 
Nickel 
Orange | 6175'7 | 
| 6115'3 
6107'5 
58920 
5856°5 
Yellow | 54759 | 
Green |5175°6| 
51083 | 
5I55T 
| 3145°7 | 
| 5142°0 | 
51368 
51149 
5099°7 
5098°5 
50806 
50797 
50346 
5016'5 
4983°3 
49796 
49351 
Blue 4917'6 
4903'9 
48729 
4865'3 
48547 
4830'2 | 
4828°4 
47858 
47550 














very broad 
and diffused 


so ER PBRRHTHRH Hun Intensity. 





Hurt u Hu BR Le PUnUun PpPpr pn 





diffused 


very broad 
and diffused 














ws un Dunn Hrn “nun wann in unin nn nen 
DH rn nu Run put ienen Hm 


_ 





Zinc 

Orange |6362°5 | 
61020, 
60225 | 


58935 
Yellow !5816°0 | 


broad 





brosd broad 


broad 


ER 
B 
De 


wu wo nn Ws in 
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Salaus DE pe, 
lengths. 


Intensity. 
Intensity. 


a 


I 


5270°0 
5208°0 
5201'0 
5143'5 
5123'5 
5090'0 
50775 
49930 
| 4970°0 
\ 4905'0 
ı4796°5 
41323 
| diffused en 
broad 47050 
46915 
4560°0 
Indigo | 43395 
4327°5 
4302°0 
ü | 42595 
Violet | 41190 
| 40845 
Copper . 
Orange | 63797 
6218°3 
diffused Yellow | 5781°3 
57004 
broad Green | 5292°0 
diffused 52171 
5152'6 
diffused 51049 
5011°4 
diffused 4955°5 
4932°5 
| Blue 4911°5 
|  broad en 
ß 40507 
(Bi). Indigo [42750 | 


Yellow | 5779'0 | 
5607'0 
5546°0 
55235 
53720 
52745 | 
52065 , 
5201'0 | 
5189'0 
5163'0 
5045'0 
5004°5 
48020 
4796°5 
4760'0 
ö 45730 
Indigo |4401'5 
4386°5 
42460 
Violet 4167°5 
4062°5 
4058°0 
Thalli 
Orange | 5947'5 
Yellow | 5608°0 
5490°0 
ı5412'5 | 
5360°0 
5349°5 
51525 | 
5085'0 
| 5078°5 
! 50530 
4981°5 
4945'5 
, 4892°0 
4735°5 
Bismut 
65990 | 
6492°5 
6129°0 
6056'5 
ı 6050°0 
6038°5 
5861°5 
Yellow | 5816°0 
57165 

56550 

55530 

5450°0 

5396°5 | 


broad 
diffused 
broad 


! diffused 





| 


| 


| broad 





| » broad 


PrV HH "Kun Bun mn BRnWDLmn HARD Hin 
npnwPADARC "un pPrusn =" RBu m, nD 


£& 
B 











IDIWSWIWVDpBp HH ne Din DD 


| 
Mercury (Hg). 

Orange | 61510 
58880 

58710 

Yellow | 5789' 5] 
| 57680 








56780, 


5595'0 
broad 


54260 
13 53645 
Green | 52785 


PNHVONHHRN 


| 
| 
I 
5460°5 | 


| Brandl | diffused 


EBRABSOBDLARUBOSA FF HR ROSA DH RR nn 





Colour of 
the 
Lines. 


Green 
(cont.) 


Blue 
Indigo 
Violet 


Orange 
Yellow 


Green 
Blue 


Indigo 
Orange 


Yellow 
Green 
Blue 


Orange 
Yellow 





Wave- 
lengths. 


5217'0 
5206°0 
51310 
49580 
49160 
4358°0 
40785 
40470 
3982'0 


Silver 
6036°0 
5656°0 
5645°0 
5625°5 
5622'5 
5610*5 


5590'0 |. 


5568°0 
55565 
5551°5 
5522'0 
5486°5 
5470°0 
5464'0 
5423°5 
5411'0 
5401'5 
52990 
52087 
48740 
4666°5 
44750 





Intensity. 


N PO PpRrUn 


b> 
5 


PPLDHOSDDUIDH NIE DUMIPRPRLe DD Pr LUN 
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Remarks. 


} 
| diffused 


broad 





> diffused 
broad 


diffused 


J 


diffused 


diffused 


broad 


broad 


| 
| broad 


Colour of 
the 
Lines. 


Wave- 
lengths. 


| Intensity. | 


Remarks. 





Green 
(cont.) 


5100'5 


Blue 





Indigo 


Red 
Orange 
Yellow 








Blue 


Indigo 


Palladiu 


61290 
56940 
‚56680 
| 5651°0 
5640'0 
5618°0 
5546°0 
ı 55420 
53940 
5361°5 
53450 
53120 
5295'0 
52570 
5233°5 
52080 
5163'0 
5116'5 
 5110°0 
| 48745 
| 4817'0 
| 47870 | 


Orange 
\ellow 


Green 


Blue 


BE P+rPNDPPPEDPUHNWDPRLRLRLRUD 


DWWNDHPRNDPHPL LP NW WS RR UN 


« 


|  broad 


(Pt). 











596 SPECIRUM ANALYSIS. 


Colour of 
Remarks. the 
Lines, 


Colour of Üaye: 


Ta lengths. 


Indigo |4473'5 
42780 
Violet |42125 


 Intensity. 


'  broad (cont.) | 4365'0 
4296°0 


D WS 


F 4289'0 
Cerium (Ce). Indigo | 4185'5 
Yellow 5654° o ’ 4165°0 
56000. 41490, 
55640. 4136°5 | 
55110 41325 | 
5472'0 4127'0 | 
5467'0 41240 
Bine Didymium and Lanthanum (Di, I); 
Sao Orange | 6346°0 Di 
33925 6292'5 Di and La 
59735 
en 5963 5 
32730 Yellow | 5805'5 
DI 57970 
‚| 5187°0 3790°0 
5161°0 2768:0 
50790 3500°0 
mi 54540 
Be 538170 
a7135 e 
I 3390 
or 5337'5 
46055 
on 5303°0 
4502'5 BERIeeR 
4578°5 Re 
5252'0 


5 
5 
5 
5 
5 
4 
5 
3 
2 
3 
3 
4 
3 
2 
5 
45725 4 
52335| 4 
5 
4 
4 
1 
I 
4 
4 
4 
3 
3 
3 
3 
4 
4 
4 
4 
I 
I 
I 


| 
| Indigo | 4382'0 u Ir) 


[5 EEE SEELE EN | . 


in 





| broad 
| Diand La 








Di 
a 
4502'0 5 
} 4560'5 broad ar, u 
Indigo |4539'5 
4527'5 
4526°5 
45230 
4486°0 ı 
44825 
4479°0 | 
447175 
44670 
4462°5 
4459°5 
4448°5 
4443°5 
 4428°0 
44190 | 
4410'0 
1 4398°5 
4391°5 
4385'5 


| broad mer 
j 51820 

51770 | 

51570 

51440 

broad Ei - 
5140 | 

! 50555 | 
\ broad 4999°5 
49680 





4950'0 

49340 

1 4920°0 | 

Blue 4900' o* 


| Diand La 
4882°5*, \ 





DD NUMN NWWw “un Bornnn DH DD N HU FH Sun HD PUR Hm DB NW PWDUnmEn 


* See Erbium and Yttrium. 





ee of ee 


Lines. 


Blue 
(cont.) 


- Violet 


Orange 
Yellow 


APPENDICHS. 





48600. 


lengths. 


Intensity. 


Remarks. 


Colour of 
the Wave- 


Lines. 


lengths. 


Intensity. 


Remarks. 





48575 
4823°0 
4811°0 
4802'0 
47470 
4741°5 
4739'0 
4702'5 
4691'0 
46710 
46680 | 
4663°5 
4661°0 
4654°5 
4619°5 
4613°5 
4559'0 
4525'0 
4521°5 


4430°0 


4354'5 
4335'0 
42955 | 2 
42875| 2 
42680 | 2 
4262'5| I 
42370| I 
42170| 4 
41960 | 4 

4 

4 

4 


HFRR,RHHDHBRR FONDS ALRLLL 


u 


4192'°5 
4141'5 
41235 | 
Uranium 
59130 | 
56190 | 
209 
55625 
55270 
55090 | 
54935 | 
5481°5 | 
54795 | 
54770) 
54745 | 
53840. 
5027'0 | 
47510 
47230, 
4543'0 








DO Hmm Hm Hu wnmwmD 











| Diode. 


broad 


} broad 


}Di and La 
broad, 
{ Diand La 


broad, 
Diand La 


Bu, and La 


Indigo 
(cont.) 


' 6220'9 
62141 
| 6125'2 


ı 6090°4 


| 5688°5 |. 
' 5679'0 
56744 
\ 5661°5 





| 56430 
ı 5597'2 


ı 54889 


\ 5448°0 





| 5408°6 


44725 
4395°5 
43740 
4362'0 
4340°5 

Titanium 
65557 
65428 
6260'2 
62574 


Hmmm m 


6097°4 





60832 
6064°5 
59987 
5978'0 
5965'3 
59518 
5921'5 
59189 
5899°0 
5865°3 
5738°0 
57140 
5701°5 


56470 
5629'0 


55646 
55134 
55118 
5502'8 


54868 
5480'2 
5476°5 
5473°3 
54705 


5445°8 
5428'6 
54250 
54179 





DW NDPLIPUWIDNWN DH HOnNNM HPBH HD NDR HH WI H HH N NW NW DW HH Dun 


(Ti). 
| 


broad 


diffused 








598 SPECTRUM ANALYSIS. 


—————— 2020020100022. 


ae of Krane 
Lines. 


Colour of 
Remarks. the Wave- 
Lines. 


Reınarks. 


lengths. lengths. 


Intensity 
Intensity. 


Green | 5043'4 
(cont.) | 5039'2 


Yellow | 5403'1 
(cont.) 5396'1 
5380'2 
5368'8 
’ 5350°5 
Green 5336°8 
52985 
52967. 
52955 
5287'8 
5282°8 
5271°5 
5267'2 
52650 
5262'9 
52596, 
5255°0 
5251'0 
5246°3 
5238°5 
5226'0 
5223°0 
52175 
5209'5 
5205°5 
5200°5 
5192'3 
51883 
5ıs5t 
51730 | 
51532 
51512 | 
51470 
151445 
5128°6 
5126'6 
5119'9 
5113'0 
51086 
5102'4 
5086°5 
5076 5 
5071'8 
5065°5 
50644 
5061'3 
| 5052'3 


MEHRERE EEEEBE EG. EDER Se EUER NEN BRRSEEEL. EE  _ ammn en ZT 


broad 











BSH RLERNPRRBHLRHRW NO DU KR MHMWW Hm KON BPPPLPRRLPPHPRO HUHN NT KO 
BED BR DB Bann Ha HR AR HD DW DI MN DS 


* The corresponding line in the Solar Spectrum, which usually appears as 
a single very strong line, is separated by greater dispersive power into three 
distinct lines, the strongest of which belongs to iron, and one of the others 
to titanium. 





Colour of 


Wave- 
lengths. 


47418 
4722'8 
4709'0 
46980 
4690'6 
46815 
4666°5 
4656°0 
46440 
46388 
4629'0 





4623'0 
46167 
4571°5 
4503'2 
45553 
4551'8 
' 4548°9 
' 4543°5 
145355) 
| 45320) 
| 4526°1 
45219 
45175 
45115 
4500°7 
44961 
4481'0 
44685 
44575 


Intensity. 





4455°0 
4452'5 
4449°5 
4446°5 
44430 
44268 
44178 
44110 
4403'0 
4398°5 
43930 
4337'5 
4323°5 
4320'0 
4318'0 
43135 
4312'5 
4307°5 
4305'0 
4299°0 
4295'0 
4293'8 
| 42907 





APPENDICES, 





H"WHWDIDI DH DB RW BD DIN NDN 


1 
3 
3 
3 
fi 
2 
3 
I 
2 
2 
2 
2 
2 
I 
I 
2 
3 
3 
3 
I 
I 
2 
5 
5 
5 
5 
3 
3 
I 
5 
5 
2 








Remarks. 


aa 


broad 


broad 


broad 


very broad 


broad 


Colour of 


Indigo 
(cont.) 


Violet 


Yellow 


Blue 


Indigo 


Orange 


Yellow 





Wave- 


Intensity. 


42870 | 
4282'0 
42730 
| 42630 
4236°5 
41850 
41710 
| 4163°0 | 


Wolfram 

| 5805'0 
| 57330 | 
56480, 
56315 
| 55130 
‚5491°5 
52230 
5070°5 
50680 | 

‚ 5053'0 
5014'0 
‚50070. 
\ 49810 
48875 
4842°0 
. 4680°5 
4660°5 | 
4659'5 
43020 
\ 4295'0 
 4269'0 | 





„N Dintnin 





Ds wmununn + NRADWDHWWDH N Hunpumn 





Remarks. 


Molybdenum (Mo). 


6029'0 
5887'5 
5856°5 
57,10 
5750°0 
5687°5 
56490 
56310 
55090 | 
55400 
55315 
55050 
5360°0 
49790, 
4867°5 
4829'5 
4818°0 
4757°5 
4739°5 
ı 4706°5 





BPEELL PUR HH HOW UN HM 


broad 


broad 
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| 
Color of Kane, 
Lines. 


Colour of 
Remarks. the Wave- 


lengths. Tänss 


lengths. 


Intensity. 
Intensity. 


Violet | 4329'5 
(cont.) | 4310'0 
42970 
4292°5 
4283°5 
4326'0 42770 
4277'5 broad 4272'0 
. 4268° 
Vanadium (V). Violet |4ı E 
6240'5 | 
61344 
6119'0 
6109'5 
6089'0 
6080°0 
6039'0 
Yellow | 5786°0 
57250 
5706'0 
5702'5 
5097'5 
5668°0 
5626'0 
5622'5 
54140 
5401'0 
5240'0 
5233°0 
51950 
5191'5 
48810 
48745 
48640 
4851'0 
48430 
4831°5 
4593'0 
45850 
45790 
4576°0 
4459 0 
44075 
4406'0 
4400°5 
45950 
4389°0 


Indigo | 4536°0 
4475'0 
4433°5 
4411°5 
4380°5 


WPRLLLr 


* 


[FE SSESTE TE TE ENTE TE 


Osmium (08). 
Indigo | 44220 4 | 


Antimony (Sb). 

Orange | 6301°5 
62445 
62090. 
61930, 
6155'0 

6128°5 
6078°0 
60510 

6003'5 

59795 
5909'0 
5893°5 | 

Yellow | 5791'5 
56380 
5607'0 
55670 

5463°5 
53790 

53715 

broad 5352'5 
52415 
5208'0 
51770 
5I41°0 
51125 
5036°0 
4948°5 

Blue | 48775 
| 4835°0 
| 4786°0 
47345 
47110 
46910 

a 45915 
Indigo | 4352°0 
4265°0 





broad 


diffused 
broad 





broad 





broad 


} diffused 





| broad 








Sıunn mm DO Dun PD PD PPWI PH DW H pr pp rm pm pw 


DD NWS NP DIPS MI WS WS RN BR PR IT PP "= pr rm pp pen 


| broad 


* Several very faint lines lie between 4130 and 4085. 





I 


Rs of re 


Lines. 


lengths. | 


Intensity. 


j 


APPENDICES. 


| Remarks. 





Orange 
Vellow 


Green 


Orange 


Yellow 


Green 


Blue 


Indigo 








Arsenic (As). 


61695 
61100 
6021'5 
56510 
5558°0 
54980 
5331°5 


Telluriu 


64370 
6046°0 
60125 
59730 
5935'0 
58565 
5852'0 
5825'0 
5805°5 
57810 
5755'0 
57410 
5706°5 
5647°0 
5616°0 
55740 
5488°0 
54775 
54475 
54085 
53660 
5310'0 
5299'0 
5217'0 
5172'0 
5152°0 
5133'0 
5104°5 
50350 
4895°0 
4866°5 
4832'0 
4785°0 
4603'5 


Indiu 
4531°5 


4509'5 
4101'0 





B wwnuPpnM 


PU PN POUND DUNWIWPR NW NDR HH HD RRLRLRn Hu 


3 





I 


broad 





broad 


(Te). 


| 
| 


| 


| diffused 





| 


' diffused 


> diffused 





m (In). 


\} very broad 
‘fand diffused 


| broad 


Colour of Ware, 


the 
Lines. 


Red 


Orange 


Yellow 


Green 


Blue 


lengths. 


Intensity. 





601 


Remarks, 


Spectrum of the Air. 


6602'0 
65618 
6479'5 
6170'5 
5949'0 
59415 
5932°0 
5929'5 
5767'0 
5745'0 
5711'0 
56855 
5678'0 
56745 
56660 
55490 
55410 
55340 
5530°0 
5495'0 
54790 
5461°5 
5453°0 
53510 





5320'0 
5189°5 
51845 


53395 | 


51780 
51720 


5045'0 
5025'0 
5016'0 


50100, 


5006°5 
is 
5002'0 
4993°5 
49870 





49410 


49240 
49060 
4895'5 
4803'0 
47880 
47790 
47120 
4706°5 
46980 
4675'0 
4661'5 
46490 








DAPNDDPHHHLPLPPPOUFHLPOUN HU RU RUN BRUNO HAT WRRL HH RU Hin 





C; broad 
broad 
broad 


broad 


broad 


broad 


602 


Colour of 
the 
Lines. 


Wave- 
lengths. 


Blue 

(cont.) 4640'0 
46305 
4621'0 
4613'0 
4606°5 
4601'0 
4596°0 
4590°5 
4446°5 
4432'0 
4418°0 
44145 
4368'0 
4350°5 
43475 
4346°0 


I 





4642'0 





SPECIRUM ANALYSIS. 


HOWND,DUDDHUM Intensity. 


DDR 





Ps} 
® 
3 
5 
| ; 


broad 

| broad and 
diffused 
diffused 


broad 


(cont.) 


Violet 


42300 


4189'5 
41845 
4155°0 
 4149'0 
41370 
| 4123°0 

4075°5 
40740 
40715, 
4069°5 
4040°0 | 
3995'0 


Intensity. 


BR, D PP nun DB DD W 


broad and 
diffused 


\ broad and 
f diffused 


( diffused 


'\ broad and 
| diffused 


m ——— lu PEN 


a 


| 


APPENDIX ]. 
7o page 158. 


The following tables of the bright lines occurring in the spectra 
of the principal non-metallic elements give their wave-iengths in 
ten millionths of a millimetre. In their compilation we have to 
some extent been indebted to Watts’ “ Index of Spectra.” 


1. Oxygen. 





Plücker. | Huggins. | Plücker. | Huggins. | Plücker. | Huggins. | Plücker. | Huggins. 


4662 
4649 


4662 


4853 
4648 


4850 
4848 
4754 4640 
4744 4639 


4711 4600 

4706 | 

4698 4593 
4474 


6452 
6170 
6118 
5340 
5315 


5190 
5178 
5161 


4953 
4943 
4925 
4907 
4892 
4872 


4596 


4690 4588 


4675 





Plücker. | Huggins. | Plücker. | Huggins. | Plücker. 





4467 


4416 
4414 


4364 


APPENDICES. 








4348 
4347 
4341 
4334 
4327 
4320 


4517 


| 
| 4318 


I 
4262 
4243 
4190 | 
4171 
4158 
4147 
4136 
4126 


Huggins. 


4278 


4190 
4183 


4149 





4117 
4104 
4094 
4086 
4085 
4072 
4069 


Plücker. | 


003 


Huggins. 





2. Aydrogen. 
Angström Angström 


Le 


Hy 
Hö 


” 


3. Mitrogen. 





Plücker. 


6602 
6480 
6376 
6358 
6341 
6288 
6249 
6165 
6152 
5949 
5942 
5932 
5929 
5767 
5754 


5711 
5686 


5681 
5676 
5666 
5560 
5549 
5541 
5530 
5524 
5495 
5479 
5462 


! 
[ — 


Huggins. 


Plücker. 


Huggins. 





6602 
6482 








5453 
5341 
5330 
5309 
5164. 
a Band 
5120 
5098 
5071 
5045 
5025 
5016 
5010 
5005 
5002 
4992 
4986 


4894 
4876 
4859 
4846 
4804 
4743 
4732 
4644 


5462 
5453 
5350 
5338 
5319 
5179 
5176 
5172 


5071 
5045 
5024 
5016 
5010 
5007 
5003 
4999 
4993 
4986 
4931 
4895 
4880 
4566 
4858 
4349 
4804 
4788 
4781 





Plücker. 


Huggins. 





4630 

4621 

4613 

4609 

4601 

4551| Band 

4544 | 
4532 | 
4523) 
4506| 
4500) 
4447 
4438 ! 
4421 


42471 
4227 | 
42141 
4199 \ 
41841 
4170| 
415ıl 
4147 \ 
414li 
4130| 
4097| 
408o | 


4629 
4621 
4613 
4608 
4600 
4553 
4533 
4506 
4496 
4490 
4477 
4448 
4432 
4422 
4398 
4238 





4206 


4170 
4142 


4130 
4101 
4094 
4038 
4000 





004 





SPECTZRUM ANALYSIS. 


Thalen. 


Angström and 


Acıd (]] ), after 


Spectrum of Carburetted Hydrogen (1) ; Spectrum of Carbonic 


IG. 201. 


I ’ 


The atmospheric air when 
dry yields the same spectrum 


as pure nitrogen. 


4. Carbon. 


As early as 1863 the spec- 
trum of pure carbon was 
observed by Angström and 
Thalen, and recognized by 
them as a spectrum of lines. 
They described it as follows : 
—With the red at the left 
of the observer, the spec- 
trum consists of a very 
marked double line to the 
right of C, of several fine 
but sharply defined lines 
between D and E, of three 
prominent lines to the left 
of d, and finally of a band 
to the left of G. This band 
increases in breadth in pro- 
portion as the electric cur- 
rent gains in intensity, and 
its resemblance to the two 
bands of hydrogen at F and 
near to G is worthy of remark. 
Working with a weak solution 
of carbonic oxide, the band 
appears as an isolated lıne, 
but under ordinary circum- 
stances as a broad band 
diffused at the edges. The 
red line has also been ob- 
served by Dr. Huggins. The 
following are the wave-lengths 
given for the carbon lınes 


by Angström and Thalen : 
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Colour of the Lines. 





Red 


Orange 


6583 '0 
6577'5 
5694 1 
5660°9 
5646°5 
56386 





Wave-lengths. 





Colour of the Lines. Wave-lengths. 
Mellow.. 2; 53790 
5150°5 
GT u 5144'2 
5133'0 
Imdieor, 2 42660 


The very complicated spectra of the various compounds of 
carbon have been the subject of many investigations both with 
the flame and the electric spark, but hitherto with no very certain 
results. It will be as well, however, to give here the wave-lengths 
in ten millionths of a millimetre of the bright lines of carburetted 
hydrogen as observed by Ängström and Thalen :—— 





First Group. Second Group. Third Group. Fourth Group. 
6187°3 56330 5164'0 ı 4736°0 
61190 55830 Green + 51280 Blue )4714'0 
Orange { 60563 Yellow “ 55380 5097'5 4697'0 
60008 5500'0 | 46820 

\5953°5 \ 5466°0 | 


lines, 










6505 6057 
6457 6043 
6433 6032 
6370 5990 
6200 5964 
6173 5601 
6100 5589 
6071 5552 








Fifth Group. Indigo : 4311'0, broad. 





Fig. 291 represents the spectrum of carburetted hydrogen, No. I., 
and that of carbonic acid, No. II., as observed by Ängström 
and Thalen ; above stands the solar spectrum with the Fraunhofer 


5. Phosphorus. 


5540 
5500 
5486 | 
5480 
5462 | 
5452 | 
5420 
5402 





5381 
5358 
5337 
5306 
5284 
5243 
5178 
4972 


Phosphorus when vaporized in the electric spark gives the 
following lines as determined by Plücker :— 


1588 Hill 
4: 
2 Band Hr Sn 
4554 4423 
4532 4232 
4526 44 4222 
4503 | 4180 
1449) 
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6. Sulphur. 
Plücker gives the wave-lengths as follows :— 


6579 | 5641 | 5218 4723 
6454 5618 | 5207 4718 
421 | 5609 | 5199 46941 y 
6404 1.5584 | 5191 | 4600, Fand 
6390 5568 | 5ı82 | 46771 
6321 | 5558 | 5143 4666 \ 
6309 | 5532 | 5141 46611 
6290 | 5522 | 5140 4654 | 
6152 | 5508 | 5124 ı 46321 
OTIT | 3473 | Hı2o 4628 | 
6009 | 5452 | 5096 46131 
5866 5438 | 5068 4608 | 
5810 | 5425 | 5044 45961 
5780 5338 | 5036 4590 | 
5667 , 5304 | 5030 45831 
5657 5269 | 5024 4578| 
5650 5231 | 5013 











7. Zodine. 
The lines have been measured by Plücker with the following 
results :— 
6861 | 5739 5499 5292 
| 
| 
| 


6825 
6757 
6690 
6640 
6576 
6494 
6339 
6292 
6257 
6210 
6169 
6154 


5713 5494 5262 
5705 5482 5257 
5696 5468 5235 
5683 5460 5218 
5649 5441 5209 
5632 5422 5176 
5620 5402 5166 
5607 5377 5150 
5600 5365 5138 
5558 5339 5107 
5530 5330 5102 
5511 5314 5064 





8. Dromine. 

The following are the lines observed by Plücker and Hittorf in 
the emission spectrum of bromium :— 

6862 | 5502 5250 ! 5035 4807 

6628 5492 5225 5010 4787 

6576 5446 5220 4990 4778 

655 0 5436 5216 4982 4771 

6357 | 5428 5187 | 4960 4746 

6158, 5422 5180 4945 4736 
s1sı | 5397 | 5168 | 4932 | 4730 
6131 5383 5150 4924 4721 
6128 5326 5122 4868 4706 
5868 5299 5106 4852 4695 
5827 5292 5092 4847 4680 
5824 ı 5263 | 5054 4818 
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9. Chhlorine. 


The following lines have been measured by Plücker :— 

















6730 5601. 5205 5006 4800 4615 
6692 5577 5180 | 5004 4790 4590 
6665 5540 5176 4998 4786 ot 
6645 5533 51617 | 4974 4782 4574 
6108 5460 5160. 4948 4778 4346 
5952 5444 5150 | 4942 4777 | 4338 
5934 5422 5148 | 4930 4765 | 4310 
5788 5385 5I01 | 4924 4749 | 4293 
5716 5346 5099 | 4907 4711 4280 
5685 5325 5077 4899 4650 4277 
5674 5274 5066 4825 4634 4258 
5640 5212 5044 | 4814 
APPENDIX K. 


To page 200. 


ON THE RELATIVE INTENSITIES OF THE DARK AND BRIGHT 
Lines. 


The question may well be asked, Why, if the weak sodium flame 
absorb the yellow rays from the intense white light that passes 
through it, do not the yellow rays of the flame itself again replace 
the yellow sodium line? A somewhat closer investigation of 
all the influences at work will not only give materials for fully 
answering this inquiry, but afford the means also of clearly ex- 
plaining the cause and true nature of the dark lines. 

Let I designate the intensity of the wzZe light of the incandes- 
cent solid or liquid body, taking the electric light as an example, 

- that of the absorptive flame, which for the sake of simplicity we 


will suppose to be a sodıum flame, and = the proportion between 
the absorptive and the emissive powers of this lame—that is to say, 
. is lost by absorption from the total intensity. If then the 
white light I pass through the sodium flame, and suffer a loss in 


r I h ; 
intensity by absorption of 5 there will be in the place of the 
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spectrum where the sodium line appears, which we will call D, an 


; 1.1.45 : 
amount of light equal to I— „tr? The amount of absorption 


Pe : : 
- diminishes the intensity of the spectrum at the spot D, but the 


intensity of the sodium flame will to a greater or less degree supply 
the deficieney. If the amount of the absorption were precisely 
equal to the intensity 2, the intensity of the spectrum at the spot 
D would be just as great as that of the neighbouring parts. and 
there would therefore be no interruption of the spectrum ; there 
would neither be a dark line nor a bright line visible. If the 


2 RE ; a 
intensity 7 of the sodium flame be greater than the absorption = 


the brightness of the spot D in the spectrum would be greater than 
on either side of it, and there would appear at this place a bright 
yellow sodium line, although the white light had passed through 
the absorptive flame ; the reverse will be the case if the intensity z 
of this flame be less than the whole absorption ; the brightness of 
the spectrum at the spot D will then be less than that of the 
surrounding parts. In the last case, however, this want of light 
will appear as a shadow by contrast with the brightness of the 
neighbouring places, and the usual bright yellow sodium line will 
seem to be a dark line. 

It will be seen further, from this investigation, that in the places 
where the dark absorption lines appear there is by no means a 
total absence of light ; therefore these lines should not be de- 
scribed as quite black; but in contrast with the surrounding 
brilliancy produced by the full undiminished light of the in- 
candescent solid or liquid body, these lines affear quite black 
even when their brightness exceeds that of the absorbing 
vapour. 

The whole action of the reversal of a bright spectrum line into 
a dark one rests on the proportion between the absorptive power 
and the compensating emissive power in the absorbing vapour : 
the greater the absorptive power, and the less the emissive power, 
further, the greater the light of the incandescent body, so much 
the darker will the reversed lines appear to be. 

The following table will serve to elucidate the foregoing re- 
marks, by giving four examples for the sodium line :— 
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The Inten- | ‚pne Inten-| The en The Kafenaty of the Spectrum 


ee sity of the |tive Power of 


ieht i Sodium | the Sodium 
Toebe Is Flame is | Vapour is 


The Sodium 
before in behind | Line appears 
therefore 

the Sodium Line isthen 


2 | bright. 
10 | dark. 

100 | darker. 

100 | very dark. 








3 | 
3 
1 
6 


2 
aa 
20-51 | 
200-06| 


In the first case, the place D is 4 brighter than the surrounding 
parts of the spectrum ; therefore it appears as a drzght sodium line; 
in No. 2, the brightness of the place D is only equal to 84, while 
that of either side is 10; it is therefore not so bright at D as at 
the side of D, and in consequence D appears dark against the 
surrounding parts of the spectrum. In No. 3, the contrast is still 
greater between the light at D zı and that at the side 100. 
Finally, in No. 4, where the absorptive power of the flame is 
assumed to be 3, the contrast between the strength of light, roo 
and 26, is so great that the line seems almost black. The in- 
tensity with which the yellow line of sodium and the red line of 
lithium appear when these substances are heated in a Bunsen 
burner warrants the conclusion that these metals would also 
absorb with great power rays of the same refrangibility, and there- 
fore the assumed absorptive power, 2, given in the last example, 
is considerably below the truth. 
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APPENDIX L. 
To page 265. 


j A, > 
LOCKYER’S TABLES OF THE COINCIDENCE OF THE FRAUNHOFER 
LINES WITH THE LINES OF METALS. 


The various observers upon whose authority the coincidence 
ofthe lines is given are distinguished by the initial letter of their 
names: S=Stokes, K=Kirchhofl, A= Ängström, T=Thalen, 


L=Lockpyer. 


ELEMENTS WHOSE PRESENCE IN THE SUN’S REVERSING LAYER 


Name of 
Element. 


Sodium . 
Ion“ 
Calcium . 
Magnesium . 
Chromium . 
Nickel 
Barıum . 
ZIne & 
Cobalt . 
Hydrogen 
Manganese . 
Titanium 
Aluminium . 


Strontium 
Lead . 
Cadmium 
Cerium 


Uranium. 


Potassium 


Vanadium 
Palladium 


Molybdenum 





HAS BEEN CONFIRMED. 


Evidence. 


Reversal of D-lines . 
Reversal of 450 lines 
Reversal of 75 lines . 
Reversal of 4 (3?) lines . 
Reversal of ı8 lines . 
Reversal of 33 lines . ; 
Reversal of ıı lines (of 26) 
Reversal of 2? lines (of 27) 
Reversal of 19 lines . 
Reversal of 4 lines (all). 
Reversal of 57 lines . 
Reversal of II$ lines 


Reversal of the two longest lines at wave-lengths 


3943'30 and 3960'50 ; 

Reversal of 4 lines at wave- lengths 029) 6, 4076 a 
4215'00, and 46075 . 

Reversal of 3 lines at wave- lengths 019 28, 4056: s, 
and 4061'25 & 

Reversal of 2 lines at wave- JJengths 4677: oand 4799: 00 

Reversal of 2 lines at wave-lengths 3928°7 and 4012°0 


Reversal of 3 lines at ee 3931 ‘0, 39430, | 


and 3965'8. i 
Reversal of 2 lines at wave- lengths "4042° 75 and 


4046°28 (apparently the only K-lines in N 


region of the spectrum) 


Reversal of 4 lines at wave- Jengths 4379: 0, 4384 6 | 


4389'0, and 44075 . 


Reversal of 5 lines at w vave-le lengths 3893 0, 3958 > 


4787'0, 4817'0, and 4874'0 
Reversal of 4 lines at wave- length 3902 0, 4576 5 
en o, and 47300 . : i 





faFaFaaka 


Authority. 


FERRHOROHDPHRR 


See 


$ 
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ELEMENTS WHOSE PRESENCE IN THE SuUN’s REVERSING LAYER 


Name of 
Element. 


Indium . 


Lithium . 


Rubidium 


Cxsium . 


Bismuth . 
an . 


Silver 


Glucinum 
Lanthanum 


Yttrium, 
on 


. 


IS PROBABLE. 





Reason of Doubt. 


One line at wave-length 41o1r'0 is apparently coin- 
cident with %, hitherto regarded as a hydrogen 
line. The reversal of another line at wave- 
length 4509'0 is doubtful 

One line at wave-length 4603'0 is reversed, but 
the reversal of the long red line at wave-length 
6705 has not yet been detected - 

One long line at wave-length 4202'0 is reversed, 
but solar lines corr esponding to the long red lines 
at wave-lengths 6205 and 6296 have hitherto 
escaped detection 


. Two lines at wave- -lengths . 45549 and "4592 are 


possibly reversed, but a better FIN is 
needed to settle tlıe question . 

One line at wave-length 4722'0 is rev ersed, but 
further evidence considered necessary . . 

One line at wave-length 4524 is apparently reversed, 
but further evidence is desirable . 3 

Two lines at wave-lengths 4018°0 and 4212'0, which 





are reversed in the metallic spectrum, are "of very 
great width, and I have not yet had time to 
determine whether they are coincident or not 
with lines in the solar spectrum, by alloying 
silver with copper, or some other metal, so as to 
thin down the lines . : 

One line at wave-length 3904° 77 is ; apparently re- 

“ versed, but further evidence desirable . 


Three winged lines at wave-lengths 394820, 3988 6 


Two lines at wave- Se os 87: and | 3949 55 are 


we and 3995'04 are reversed 
| reversed . . ; 











Authority. 





N NE 


Eos ÄABSENT FROM SUN’S REVERSING LAYER, SO FAR AS 


OUR KNOWLEDGE AT PRESENT EXTENDS. 





Name of 
Element. 


Carbon * 
Silicium . 
Thallium 


Chlorine 
Bromine 
Iodine | 





Evidence. 








No coincidences with the carbon lines . 

No reversals determined 

The long green line at wave- length 5 3 is apparently 
not reversed 2 


No coincidence observed between solar lines and | 
the bright lines seen in the jar-spark spectrum ) 





* [Mr. Lockyer has found Carbon. ] 


39 





Authority. 


Hr Rp 


A 


ERRATA, 


Page 87, line 2 of note, for collimata read collimator. 
» 216, line ı of note, for Fig. 109 read Fig. 108. 
1 358, line 21, for (Fig. 195) read (Fig. 162). 
» 441, line 17, the bracket should be after “ı59r 








INFE2, 


— 































EN 


Abney, adjustment of spectroscope, 70; position of minimum deviation, 715 
pocket spectroscope, 76; method of exhibiting sun’s rotation, 391; 
researches on corona, 338; on infra-red spectrum, 210; determination 
of prominence lines, 333; photographs of infra-red spectrum, 219; on 
photographic pictures of total solar eclipses, 321. 

Abney and Festing, researches on infra-red spectrum, 211; on rain bands in 
the infra-red spectrum, 286. 

Abney and Schuster, determination of prominence lines, 333; researches on 

the nature of coronal light, 338 ; table of bright lines in corona, 338. 

_ Abnormal dispersion, 100; first observed by Christiansen, 102. 

Absorption of light, 171; by liquids, 174; by gases or vapours, 187 ; its 
relation to the emission of light, 189. 

Absorption spectra, method of obtaining, 175. 

Adjustment of spectroscope, 70; Abney’s method, 70, 71. 

Aldebaran, spectrum of, 435. 

- Algol, spectrum of, 456. 

Alkaline earths, spectra of, 578. 

"Aluminium, its photographed spectrum, 254. 

Angle of deviation, 40 ; of minimum deviation, 41 ; method of finding it, 70. 

Ängström, his normal solar spectrum, 154; table of wave-lengths of the 
Fraunhofer lines, 579 ; researches on the telluric lines in the solar spec- 
trum, 279; law of emission and absorption of rays, IQI; researches on 
the plurality of spectra, 159 ; table of the wave-lengths of lines in the 
spectrum of hydrogen, 603 ; observations on the spectrum of the zodiacal 
light, 546; on the spectrum of aurora, 548. 

ÄAqueous vapour, 189 ; its absorption spectrum, 277. 

Arc, Voltaic, method of production, 19; its spectrum, 144. 

Arc spectra, 144. 

Asteroids, spectra of the, 424. 

Atmospheric lines in solar spectrum, observed by Brewster and Gladstone, 
270; map of, 272. 

Aurora borealis, spectrum of, 547; supposed identity with coronal line, 335. 

Automatic spectroscope, description of, 95. 
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B. 


Banded spectrum, described as of I order, 160. 

Barium, its spectrum, 151; phatographed with solar spectrum, 254 ; lines 
widened in spectrum of spot, 307. 

Becquerel, Edmond, on phosphorescent action in the infra-red spectrum, 213; 
first to notice inactive spaces in the chemical spectrum, 229. 

Becquerel, Henri, researches on phosphorescence in the infra-red spectrum, 
223. 

Bessemer process, employment of spectroscope in, 254. 

Bessemer flame, spectrum of, 256. 

Betelgueux, spectrum of, 435. 

Biela’s comet, identified with meteor swarm, 536; its separation into two 
parts, 505. 

Bisulphide of carbon, highly dispersive powers of, 55 ; prism of, 55. 

Blende, valuable in exhibiting phosphorescence in the infra-red spectrum, 223. 1 

Blood, absorption spectrum of human, 182. 

Bolometer, description of, 219 ; method of use, 221. 

Brass, spectrum of, 66. 

Bredichin, observation of spectrum of the comet Wells, 518. 

Brewster and Gladstone, observations of the atmospheric lines in the solar 
spectrum, 270. - 

Bromide of silver, employed by Abney in photographing infra-red spectrum, 
219. 

Bromine, absorption spectrum of, 168, 189; table of lines in the spectrum 
of, 606. 

Browning, his automatic spectroscope, 95; miniature Spectroscope, 414; 
hand spectroscope, 421 ; meteor spectroscope, 539. 

Bunsen, method of obtaining spectra of metals, 143 ; method of mapping 
spectra, I5I ; maps of spectra of elements, 578. 

Bunsen battery, mode of employment of, 19. 

Bunsen burner, description of, 8. 


C. 


Cadmium, its speetrum photographed with solar spectrum, 254; with lines 
of iron, 263. 

Caesium, discovery of, 4; its spectrum, I5I. 

Calcium, its spectrum, 151 ; photographed with solar spectrum, 254. 

Capron, J. Rand, photographic registration of the spectra of metals, 250; on 
the spectrum of aurora, 550. 

Carbon, spectrum of, 508; wave-lengths of lines in, 604 ; its presence in 
meteors, 525 ; its probable existence in comets, 509. 

Carbon points of the electric light, 22, 63. 

Chloride of strontium, its spectrum, 67 ; drawn by Bunsen, 151. 

Chlorine, employed in obtaining metallic spectra, 142; wave-lengths of lines 
in spectrum of, 607. 

Chlorophyll, absorption spectra of, 175. 

Christie, W. H.M. (Astronomer Royal), investigations on oxygen in the sun, 
266; on spectrum of a solar spot, 309 ; on spectrum of the comet Wells, 


516, 517. 
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Chromosphere, origin of term, 346; nature discussed, 359; delineation of, 
363 ; observations on its spectrum, 348; wave-lengths of constant lines 
in, 353; of occasional lines in, 355 ; method of photographing, 372. 

Ciamician, investigations on the spectra of non-metallic elements, 168. 

_ C-line, in prominence spectrum, 331; in spectrum of chromosphere, 348 ; 
reversal of, in spectrum of a solar spot, 358; partial reversal in promi- 
nence Spectrum, 354. 

Colours of the spectrum, 49; recombination of, into white light, 55. 

Coloured rays, speed of vibration of the, 46. 

Comet, Biela’s, separation of, 505; connection with November meteor 
swarm, 536. 

Comet, Brorsen’s, spectrum of, in 1868, 506 ; in 1879, 513. 

Comet, Donati’s (1858), description of, 499; orbit of, 501. 

Comet, Encke’s, specetrum of, 511. 

Comet of July, 1861, description of, 498; changes in, 503. 

Comet, Temple’s, spectrum of, 506. 

Comet Wells (1882), spectrum of, 516; Huggins’ photograph of, 521. 

Comet, Winnecke’s (II. 1868), spectrum of, 509. 

Comet II., 1881, Huggins’ photographed spectrum of, 521. 

Comets, nature of, 497 ; theory of, 514 ; spectra of, 506 ; photographed 
spectra, 520 ; connection with meteor swarms, 533. 

Common, Mr., photograph of nebula of Orion, 479. 

Comparison prism, 84. 

Cornu, reversal of lines in spectra of metals, 194 ; map of ultra-violet, 247 ; 
observation of bright lines in the solar spectrum, 249 ; on displacement 
of telluric lines an evidence of sun’s rotation, 280. 

Corona, nature of, 315; photographs of, in eclipses, 319; in sunlight, 340 ; 
spectrum of, 334; wave-lengths of lines in spectrum, 338; spectrum 
of, with prominence, 339. 

Corona borealis, temporary star in, 459; spectrum of, 460. 

Corona line, wave-length of, as determined by Ängström, 335; diagram by 
Young, 336. 

Crown-glass spectrum, 61. 

Cyclones in the sun, 382; observed by Young, 369; observed by Lockyer, 
386. 

Cylindrical lens, use of, 56; position in spectroscope, 404. 


D. 


D’Arrest, spectroscopic observation of the fixed stars, 442; of nebulz, 490. 

De la Rue, diagram of eclipse of 1868, 318. 

Desains, researches with thermopile in infra-red, 213. 

Deviation, angle of, 35 ; point of minimum, 41; how to discover its position, 
565. 

Diffraction of light, 110; Rowland’s method of studying its phenomena, 
127. 

Diffraction gratings, 117; their production, 125; their use in ascertaining 
wave-lengths, 128; their spectra, 123, 126. 

Diffraction spectroscope, pocket, 126; Young’s large, 365. 

Diffraction spectrum compared with prismatic spectrum, 131. 
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Dispersion of light, its nature, 51; affected by different substances, 61, 568; 
abnormal, 102. 

D-line, Kirchhoft’s observation of reversal of, 261; method of exhibiting 
reversal of, 196; reversal of, in spectrum of solar spot, 307 ; widening 
of, in spectrum of a spot, 306. 

D;-line, observed in corona, 338; in chromosphere, 349; by Vogel, 351. 

Donati, first to observe spectrum of a comet, 506. 

Draper, J. C., on oxygen in the sun, 265. 

Draper, J. W., discoverer of law regulating temperature and emission of 
light, 63 ; his tithonographic spectrum, 216. 

Draper, Henry, photograph of diffraction spectrum, 250; of stellar spectra, 
454 ; of Orion’s nebula, 492 ; of comet II., 1881, 521. 

Drummond'’s limelight, 10 ; spectrum of, 52. 


E, 


Eclipse, Total Solar, of 1868, photographs of, 317, 318; prominence spectra, 
325-328; corona spectrum, 334 ; sunlight observation of spectrum lines, 
342. 

Eclipse, Total Solar, of 1869, optical view of, 315; photographs of pro- 
minences, 319 ; of corona, 320; spectrum of prominences, 328; spectrum 
of corona, 334. 

Eclipse, Total Solar, of 1878, spectrum of corona, 337. 

Eclipse, Total Solar, of 1882, Abney’s and Schuster’s photographs of corona, 
333; list of lines, 333. 

Eclipse, Total Solar, of 1883, photographs of corona of extreme delicacy, 
324. 

Electric lamp, 21, 66. 

Electric light, 19 ; its spectrum, 54, 63. 

Emission of light, its relation to absorption, 189; Kirchhoff’s law, 192. 

Encke’s comet, its spectrum, 511. 

Epipolic dispersion, term applied to the phenomena of fluorescence, 233. 

Erbia, peculiarity of its spectrum, 63. 

Eye-tube spectroscope, Merz’s, 412; Browning’s, 413 ; Zöllner’s, 416, 420. 


F. 


Facul&, their nature, 289; their appearance, 295; their formation, 297; 
Zöllner’s theory concerning them, 302. 

Fievez, his experiments on the influence of intensity of light on spectra, 486. 

Fixed stars, their spectra, 433; photographed by Huggins, 447 ; their types 
according to Secchi, 436; according to Vogel, 445 ; according to Ruther- 
furd, 436. 

F-line, its distortions in spectrum of chromosphere, 348; partially covered 
by Hß-line in spectrum of a prominence, 354; its displacement in the 
solar gas-streams, 380; in the spectrum of Sirius, 468; as observed by 
Vogel in ditto, 471; its changes in the solar gas-streams, 383. 

Flame, its luminosity, 6; spectra produced by, 134. 

Flint-glass spectrum, 61. 
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Fluorescence, description of term, 32, 233; its connection with absorption, 
179, 236 ; Soret’s eye-piece for observations on, 239; investigations on 
the spectra, 233 et seq. ’ 

Fraunhofer, his map of the solar lines, 59; remarks coincidence of the D-line 
with the double sodium line, 60; kind of grating he employed, 117; 
first to employ stellar spectroscope, 400. 

Fraunhofer lines, their discovery, 59; their nomenclature, 60; in the infra- 
red, 217; table of their indices of refraction, 569 ; their valuein the table 
constructed by Kirchhoff and Bunsen, 78; method of measuring their 
wave-lengths, 571; their coincidence with the bright lines in the spectra 
of terrestrial elements, 261; Ängström’s catalogue of them according to 
their wave-lengths, 579; Lockyer’s tables of their coineidence with the 
lines of metals, 610; their change into bright lines in the spectrum of 
the chromosphere, 269. 

Fuchsin, abnormal spectrum given by, 103, 175. 

Fulgurator, description of, 140. 


G. 


Gallium, its discovery, 5; its spectrum, 157. 

Gas blowpipe, description of, 9. 

Gases, their luminosity, 16; their spectra, 65 ; reversal of the spectra of, 192. 

Gas-spectra, definition of, 67; method of their exhibition, 146. 

Gas-streams in the sun, measurement of their velocity, 378. 

Geissler’s tubes, description of, 17. 

Gladstone, his measurement of atmospheric lines in the solar spectrum, 270. 

Glan’s spectrum photometer, 204. 

Goldstein, his experiments on gas spectra, 165. 

Gratings, employed by Fraunhofer, 117; by Rutherfurd, 125; manufactured 
by Nobert, 125; ruled by Rowland, 118, 126; photographed by Lord 
Rayleigh, 126. > 

Grating spectra, 123; of the infra-red, 218. 


H. 


Haidinger, his theory on the phenomena of meteors, 537. 

Halogens, spectra of the, 170. 

Hand spectroscope, Abney’s, 76; Browning’s, 421. 

H3-line, its colour, 160; its partial covering of the F-line, 355 ; its distor- 
tion in prominence Spectrum, 357, 358. 

Hasselberg, his experiments on the luminosity of gases, IQ; histheory on the 
presence of the bright sodium line in spectrum of comet Wells, 519. 

Herschel, Sir William, discoverer of infra-red spectrum, 209. 

Herschel, Sir John, observes breaks in infra-red spectrum, 210; remarks 
chemical action in the ultra-violet spectrum, 229; his thermogram of the 
spectrum, 212; his experiments in fluorescence, 233. 

Herschel, Alexander, his direct-vision system of prisms, 74; his observa- 
tions on meteoric radial points, 533; on variations in spectra of meteor 
swarms, 520. 

Holden, Professor, spectrum of aurora, 553. 
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Huggins, contrivance for registration of spectrum lines, 99; description of 
his stellar spectroscope, 404 ; of his compound stellar spectroscope, 409 ; 
of his instrument for photographing stellar spectra, 447 ; of his apparatus 
for observing comet spectra, 509; his method of observing gas spectra, 
148; of seeing prominences in sunlight, 362; his observation of corona 
in sunlight, 340; of the displacement of the F-line in Sirius, 469; his 
ınvestigations on the spectra of the planets, 421; on stellar spectra, 435; 
on the spectrum of T-Coronz, 460; on the spectra of nebula, 485, 491; 
on the spectra of comets, 506; his photographs of stellar spectra, 447; 
of the spectra of comets, 520, 521; his types of the spectra of nebula, 
492; his table of lines in the spectra of metals, 153 ; catalogue of wave- 
lengths of lines of non-metallıc elements, 602, 603. 

Hydro-carbons, their spectra, 519; compared with spectrum of the comet 
Wells, 519. 

Hydrogen, its spectrum, 67, 160; how affected by density, 162; an important 
element in solar spots, 312; in prominences, 325, 326, 328; in the 
chromosphere, 359; its spectrum compared with spectrum of Sirius, 
469; its presence in the temporary star T-Coronz, 460; in the nebulz; 
486; in meteorites, 524; wave-lengths of lines in its spectrum, 603. 


je 


Iceland spar, highly transparent to the ultra-violet rays, and employed for 
lenses and prisms, 229; compared with quartz, 244. 

Index of refraction, given for different substances, 35, 569; for the most 
prominent Fraunhofer lines, 62. 

Indium, its discovery, 4; its spectrum, 151. 

Induction coil, 15. 

Infra-red spectrum, its discovery, 209; its phosphorescent action, 213; Draper’s 
investigations in daguerreotype, 216; Abney’s photographic results, 
218-219; Langley’s bolometric results, 219; Becquerel’s experi- 
ments on phosphorescent action of, 223; Abney’s absorption spectra in 
the, 226. 

Intensity of light, determined for various portions of the solar spectrum, 203 ; 
its influence on spectra, 486. 

Interference of light, explanation of, 104. 

Interpolation curve, construction of, 576. 

Iodine, its absorption spectrum, 169, 188, 189; wave-lengths of lines in its 
spectrum, 606. 

Iron, its spectrum photographed with solar spectrum, 254; number of its 
lines in solar spectrum, 263. 


]. 


Janssen, his direct-vision system of prisms, 74 ; his researches on the telluric 
lines in the solar spectrum, 274; in the spectrum of Sirius, 278; obser- 
vation of prominence spectrum during eclipse of 1868, 327 ; of prominence 
lines in sunshine, 342, 362. 

Jupiter, its spectrum, 424; spectrum of its fourth satellite, 426. 











INDER. 619 


K. 





Kirchhoff, researches on effect of temperature on wave-length, 64; his maps 
of the solar spectrum, 152; his method of constructing them, 262; dis- 
covery of the law governing the emissive and absorptive power of light, 
192 ; discovers the phenomenon of the reversal of the spectrum, 196; 
his observation of the reversal of the lines of sodium, 261; his identifica- 
tion of lines of iron in the sun, 263 ; his theory of the physical constitu- 
tion of the sun, 267. 

Kirchhoff and Bunsen, their invention of the spectroscope, 4; their table of 
the spectra of metals, 150. 

Klein, on the rain-bands of the solar spectrum, 286. 

Konkoly, his universal spectroscope, 418; on the spectrum of Brorsen’s 
comet, 513; of comet IV. 1880,513; of comet Wells, 519; observations 
on meteors, 541; on variations in the spectra of meteor swarms, 520. 



















IE 
Lamanski, investigations on the effect of moisture in the atmosphere on the 
- heat rays in the infra-red of the solar spectrum, 214. 






Langley, researches in infra-red spectrum, 211; his bolometer, 219; his 
bolometric prismatic solar spectrum, 222; his bolometric normal solar 
Spectrum, 223; his apparatus for comparing opposite portions of the 
sun’s surface, 391. 

Lecocq de Boisbaudran, his spectrum maps, 156; discovery of gallium, 5, 
157; his interpolation curve for converting the readings of an arbitrary 
scale into wave-lengths, 576. 

Lenarto meteorite, its analysis, 524; its spectrum, 167; its photographed 
spectrum, 254. 

Light, nature of, 29; speed of, 30; refraction of, 32; dispersion of, 51; inter- 
ference of, 104; diffraction of, IIO; absorption of, 174, 187. 

Lightning, spectrum of, 558. 

Limelight, method of producing it, 13 ; its spectrum, 52. 

Lindsay, Lord, his observation of the spectrum of aurora, 550. 

Line of light, employed as mark in spectrum measures, 81. 

Lines, bright, characteristic of gas-spectra, 67; the mapping of metallic, by 
Kirchhoff and Huggins, 153; by Thalen, 155, 587; their reversal in the 
spectra of metals, 192; in the chromosphere during an eclipse, 268; in 
the spectra of solar spots, 303. 

Lines, discussion on the relative intensity ofthe dark and bright, 607. 

Lithium, its spectrum, I51I, 158. 

Littrow, prism with two-fold passage of the rays, 92. 





Lockyer, reconstruction of Ängström’s maps, I55; theory of the plurality 
of spectra, 166 ; his apparatus for the simultaneous exhibition of spectra, 
251; his photographs of the spectra of metals, 250; method of seeing 
prominence spectrum in sunshine, 343, 345, and prominence forms in sun- 
shine, 362 ; observation of spectrum of chromosphere, 351 ; of Hß-line 
in prominence spectrum, 356; measurement of speed of solar gas- 
streams, 380; table of elements in the sun, 610. 

Lohse, apparatus for photographing spectrum of the chromosphere, 371. 
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M. 
Magnesia, employed with oxyhydrogen blowpipe, 13. 
Magnesium, spectrum of, 67. 


Map of the spectrum of a sun-spot, by Christie, 309. 
Map of the ultra-violet spectrum, Cornu’s, 247. 


Maps of the solar spectrum, Kirchhoff’s, 152, 262; Ängström'’s, normal, 154, 
with tellurie lines, 279; Brewster and Gladstone’s with atmospheric 
lines, 272; Janssen’s with telluric lines, 276; Vogel’s reconstruction of 
Ängström’s, 155. 

Maps of the infra-red spectrum, Abney’s, 218; Draper’s, 216; Langley’s, 
322, 223, f 

Maps of the spectra of metals, Bunsen’s, I5I ; Huggins’, 153; Thalen’s, 155. 

Mars, spectrum of, 423. 

Mascart, his photographs of solar spectrum, 247; his map of ultra-violet 
portion, 247. 

Mercury, spectrum of the planet, 422. 

Merz, his object-glass spectroscope, 402; his simple spectroscope, 412; his 
compound spectroscope, 413. 

Metals, method of volatilization, 65. 

Meteors, theory of their phenomena, 526; their spectra, 539, 541 ; analysis 
of, 523; table of their constituent gases, 525. 

Meteor showers, 522, 529. 

Meteor spectroscope, 539. 

Meteor swarms, their connection with comets, 533. 

Micrometer, for measuring between the lines of the spectrum, 79; for 
measuring absorption lines, 186, 

Micro-spectroscope, description of, I81. 

Minimum deviation, point of, 41; method of finding position of, 71, 566. 

Moon, spectrum of the, 421. 

Morton, his apparatus for observing absorption spectra, 178; investigations 
on connection between absorption and fluorescence, 179; on fluorescence 
in ultra-violet spectrum, 236, 









N. 
Nebulse, description of, 478; their spectra, 484 ; Huggins’ classification ofthe 
spectra, 492. 
Nebula of Orion, photograph of, by Mr. Common, 479; its photographed 
spectrum by Huggins, 491; by Draper, 402. 
Neptune, spectrum of, 430. 
Nitrogen, its spectrum, 163; wave-lengths of the lines, 603 ; its presence in 
spectra of nebulz, 485, 489, 490 ; in comets, 509. 
Nitrous acid gas, its spectrum, 176 ; exhibition of its absorptive properties, 188. 
Nobert, gratings manufactured by, 125. 
Non-metallic elements, Ciamician’s investigations on their spectra, 168; 
wave-lengths of the lines, 602. 
Normal spectrum, definition of, 127; term applied by Ängström, 133; drawn 
by Ängström, 154 ; Langley’s bolometric, 223. 





INDEX. 






O. 


Olbers, his theory on the comet Wells, 514. 

Oxygen, its spectrum, 163; Schuster’s experiments, 163; suspected presence 
in the sun, 265 ; its presence in meteorites, 523; lines in the spectrum, 
602. 

Oxyhydrogen gas-lamp, 12; Edelmann’s construction, 68. 









P: 


Phosphorescence, exhibited in infra-red spectrum, 213, 223. 

Phosphorus, wave-length of lines in its spectrum, 605. 

Photoheliograph, 322. 

Photometry of the spectrum, 200; Vierordt’s apparatus, 201; Glan’s appa- 
ratus, 204 ; Vogel’s apparatus, 207. 

Photometric observations, Vogel’s, 392. 

Photosphere, description of, 291, 359, 360. 

Pickering, Professor C., his method of detecting planetary nebulzs, 488. 
Plücker, his labours with Hittorf on spectra of gases, 159; his determination 
of wave-lengths of lines in the spectra of non-metallic elements, 602. 

Plücker's tubes, description of, I8; method of use, 148. 

Pocket spectroscope, as devised by Abney, 76; by Browning, 421. 

Polarising solar eye-piece, 288. 

Potassium, spectrum of, 151, 159. 

Prism, description of a, 39; the comparison, 84; Merz’s object-glass, 403. 

Prism, compound, 91. 

Prisms, of various density, 60; hollow, for liquids, 55 ; train of,87; automatic 
arrangement of, 93. 

Prisms, direct-vision system of, Amici’s, 73 ; Herschel’s, 74; Hofmann’s, 74; 
Janssen’s, 75. 

Prisms with two-fold passage of the rays, as constructed by Littrow, 92; by 
Schröder, 98. 

Prominences, solar, their physical description, 315, 318; photographs of them 
during solar eclipses, 317; their spectra as seen in eclipse of 1868, 325; 
in eclipse of 1869, 328; observation of their spectra in sunshine, 342; 
of their forms in sunshine, 345, 360, 362; daily record of their forms, 
375. 

Prominence lines, table of their wave-lengths, by Harkness, 329; by Young, 

333; by Abney and Schuster, 334. 


































O. 

Quartz, a substance pre-eminently transparent to the ultra-violet rays and 
employed for lenses and prisms, 229; its comparison with iceland 
spar, 244. 





R% 


Rain-bands in the solar spectrum, 283. 

Rayleigh, Lord, photographic reproduction of glass gratings, 126. 

Refraction, the phenomena of, 32; the indices of, for various substances, 35, 
569; for the most prominent Fraunhofer lines, 62. 








622 SPECTRUM ANALYSIS. 


Registration of the spectrum lines, method of, 98. 

Respighi, his method for the daily registration of solar prominences, 375. 

Reversal of the spectrum, phenomenon discovered by Kirchhoff, 193; dis- 
cussion on the relative intensity of the dark and bright lines, 607. 

Reversal cf lines, in the spectra of metals, 195; in the spectrum of the 
chromosphere during an eclipse, 268; in the spectra of solar spots, 303. 

Reversing stratum in the sun, 269; table of lines shown in, 610. 

Reversion spectroscope, Zöllner’s, 390. 

Rowland, Professor, his method of ruling diffraction gratings, 118; of study- 
ing the phenomenon of diffraction, 126; his photograph of the coronal 
line, 353. 

Rubidium, its discovery, 4 ; its spectrum, 151. 

Ruhmkorff, his induction coil, 16; his electric lamp, 66. 

Rutherfurd, employment of obsidian for slit, 59; his compound prism, 91 ; 
his method of preparing gratings, 125; the delicacy of the ruling, 391 ; 
his photograph of the solar spectrum, 246; his investigations on the 
spectra of the planets, 423, 424; his types of fixed stars, 436. 


5. 


Salet, his tube for investigation of gas-spectra, 148; his experiments on the 
spectrum of hydrogen, 164. 

Saturn, spectrum of, 426. 

Schellen, Dr., on the spectrum of aurora, 552. 

Schiaparelli, his theory of the connection between comets and meteors, 533. 
Schröder, description of his compound spectroscope, 97; of his stellar spec- 
troscope, 410. R 
Schuster, his investigations on the spectrum of nitrogen, 163; his researches 
on the corona, 338; his theory of the corona, 341; his determinations 

with Abney of the prominence lines, 333. 

Secchi, his polarising solar eye-piece, 288; his object-glass spectroscope, 
401; his compound stellar spectroscope, 407 ; his observations of the 
solar surface, 289; of the solar spots, 291; of the telluric lines in the 
solar spectrum, 278; of the reversing stratum in the sun, 269; his 
theory on the solar spots, 302; his photographs of the solar eclipse of 
1860, 321; his researches on the spectrum of the spots, 303; of the 
corona, 336; of the prominences, 346; on the spectra of variable stars, 
456; of comets, 506; of meteors, 540; on the chromosphere, 359; on 
prominence forms, 366, 367; on the absorptive action of the sun’s 
atmosphere, 392; on the sun’s rotation, 389; his types of the fixed 
stars, 436; his telescopic observations of comets, 503. 

Selective absorption, in solid bodies, 172; of the solar spectrum, 274. 

Slit, construction of the, 58, 59 ; influence of the width of, on the spectrum, 57. 

Smyth, Piazzi, his delineation of the rain-bands in the solar spectrum, 284. 

Sodium, its spectrum, 67, 159; presence in the comet Wells, 517. 

Sodium lines, discovery of their coincidence with the Fraunhofer D-lines, 
262 ; mode of exhibiting their reversal, 197. 

Solar spectrum, definition of, 48; its exhibition, 49. 


“ 
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Solar spectrum, Ängström’s normal, 154 ; Kirchhoff’s, 152; Langley’s bolo-. 
metric prismatic, 222 ; his bolometric normal, 223 ; Brewster and 
Gladstone’s, with atmospheric lines, 270 ; Ängström’s, with telluric lines, 
279; Janssen’s, with telluric lines, 276. 

Solar spots, telescopic observations of them, 291 ; spectroscopic observations,. 
303 ; their formation, 313; theory concerning them, 302. ' 

Sorby, on the absorption spectrum of the human blood, 181. 

Soret, his researches on fluorescence spectra, 239 ; eye-piece for fluorescence 
observations, 242; his diagrams of absorption spectra, 244 ; observations- 
in comparing the properties of quartz and iceland spar, 244. 

Spark spectra, 136, 165. 

Spectra of various orders, 160. 

Spectra, Watts’ Index of, 157. 

Spectroscope, simple, 69; direct-vision, 73; pocket, 76; pocket diffraction, 
126; hand, 420; miniature, 413; the complete, 83; the compound, 87 ; 
the automatic, 93; with two-fold passage of the rays, 97; the ab- 
sorption, 178; the fluorescence, 235; the diffraction, 364 ; the rotating, 
372; with curved slit, 375 ; stellar spectroscope, 399 ; meteor, 539. 

Spectroscope, method of its adjustment, 573. 

Stars, proper motion of the, exhibited by their spectra, 468. 

Stellar spectroscope, Merz’s compound, 412; Huggins’, 404; Vogel's, 415; 
Konkoly’s universal, 418; Zöllner’s eye-tube, 416. 

Stokes, his explanation of the reversal of the sodium lines, 190; his researches 
on fluorescence, 233, 2306. 

Strontium, its spectrum, I5I; its photographed spectrum, 254. 

Sulphur, wave-lengths of lines in the spectrum of, 606. 

Sun, Kirchhoff’s theory of the constitution of the, 267 ; the absorptive atmo- 
sphere of the, 392; rotation of, exhibited by the spectroscope, 389 ; 
reversing stratum in the, 269. 


* 


1; 


Table of absorption in solar atmosphere, 394. 

Table of analysis of meteoric iron, 524. 

Table of analysis of meteoric stone, 524. 

Table of analysis of meteoric gases, 525. 

Table of the mean brightness of the principal parts of the solar spectrum, 203. 
Table of co-efficients of refraction for fuchsin, 103. 

Table of deviation in the angles of incidence and refraction, 36. 
Table of dispersion in various kinds of glass, 571. 

Table of dispersion with prisms and diffraction gratings, 574. 
Table of elements in Kirchhoff’s maps, 153. 

Table of elements in Huggins’ maps, 153. 

Table of elements in the sun discovered by Kirchhoff, 264. 

Table of elements compared with the spectrum of Aldebaran, 435. 
Table of elements compared with the spectrum of Betelqueux, 435- 
Table of elements in meteor swarms and comets, 534. 

Table of Fraunhofer lines in Kirchhoff’s scale, 78. 
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Table of Fraunhofer lines coincident with lines of metals, 610. 
Table of indices of refraction, 35. 

Table of indices of refraction for green rays, 567. 

Table of indices of refraction for Fraunhofer lines, 569. 

Table of indices of refraction for absorption bands in infra-red, 213. 
Table of intensities in the sodium line, 609. 

Table of lines in solar spot, 308. 

Table of lines in solar prominence (Harkness), 329. 

Table of lines in solar prominence (Young), 333. 

Table of lines in solar prominence (Abney and Schuster), 334. 
Table of lines in corona (Abney and Schuster), 338. 

Table of nebuls and clusters yielding a linear spectrum, 493. 
Table of nebula@ and clusters yielding a continuous spectrum, 493. 
Table of nebul& and clusters classed by the telescope, 494. 

Table of periodice comets, 497. 

Table of phosphorescent substances, 224. 

Table of prominence lines constantly visible, 353. 

Table of prominence lines occasionally seen, 355. 

Table of proper motion of stars, observed at Greenwich, 472. 
Table of wave-lengths of the absorption bands in infra-red, 213. 


Table of wave-lengths of the Fraunhofer lines, by Ängström, 579. 

Table of wave-lengths of the chief Fraunhofer lines, 133. 

Table of wave-lengths of the chief Fraunhofer lines, with speed of vibration, 
573- 

Table of wave-lengths of bands in the infra-red (Becquerel), 224. 

Table of wave-lengths of bands in the infra-red (Mascart), 247. 

Table of wave-lengths of the lines in spectra of metals (Thalen), 587. 

Table of wave-lengths of the lines in spectra of metals, reversed by Cornu, 195. 

Table of wave-lengths of non-metallic elements, 602. 

Table of wave-lengths of lines in the spectrum of Mars, 423. 

Table of wave-lengths of lines in the spectrum of Jupiter, 425. 

Table of wave-lengths of lines in the spectrum of Uranus, 430. 

Table of wave-lengths of lines in the spectrum of Neptune, 430. 

Table of wave-lengths of lines in the spectrum of Sirius, 451. 

Table of wave-lengths of lines in the spectrum of 7 Urss Majoris, 452. 

Table of wave-lengths of lines in the spectrum of a Virginis, 452. 

Table of wave-lengths of lines in the spectrum of a Aquils, 452. 

Table of wave-lengths of lines in the spectrum of a Cygni, 453. 

Table of wave-lengths of lines in the spectrum of Arcturus, 453. 

Table of wave-lengths of lines in the spectrum of Betelqueux, 454. 

Table of wave-lengths of lines in the spectrum of aurora, 554. 

Table of wave-lengths of lines in the spectrum of lightning (Vogel), 560. 

Table of wave-lengths of lines in the spectrum of lightning (Schuster), 561. 

Table of wave-lengths of lines in the spectrum of a solar spot, 310. 

Table of wave-lengths of lines in typical spectrum of white star, 451. 

Table of wave-lengths of lines attributed to hydrogen, 450. 

Table of wave-lengths of spectrum lines deduced from arbitrary scale by 
Lecocg de Boisbaudran, 577. 
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- 


Telespectroscope, described, 289 ; Young’s, 329; Secchi’s, 408 ; Huggins’, 409. 

Tellurie lines, as observed in the solar spectrum, 274; Janssen’s solar spec- 
trum exhibiting them, 276. 

Temporary stars, description of them, 458; their spectra, 460, 462. 

Thalen, his determinations of wave-lengths of lines in the spectra of metals, 
155; table of the lines, 587 ; hisinvestigations on the plurality of spectra, 
160. 

Thallium, its discovery, 4 ; its spectrum, I5I, 158. 










U, 

Ultra-violet spectrum, researches on, 227; its connection with fluorescence, 
232; Cornu’s map of, 247. 

Uranium, the compounds of, exhibiting the connection between fluorescence 
and absorption, 236; their spectra, 179. 

Uranus, the spectrum of, 427. 





























V. 


Variable stars, theory concerning them, 455; their spectra, 456. 
Venus, the spectrum of, 422. A 
Vierordt, his spectrum photometer, 200; the results of his labours, 203. 


Vogel, his work in the reconstruction of Kirchhoff’s and Ängström’s maps of 
the solar spectrum, 155; his spectrum photometer, 207 ; his observations 
on the absorptive power of the sun’s atmosphere, 392; on bright lines in 
solar spectrum, 249; on the reversal of the D,-line in chromosphere, 350; 
on the spectra of the planets, Mercury, 423, Venus, 423, Mars, 423, the 
asteroids, 424, Jupiter, 425, Saturn, 426, Uranus, 427, Neptune, 430; on 
the spectrum of new star, 1876, 461; on the spectra of the stars, 443; 
of nebulz, 489; on the spectrum of Encke’s comet, 5II ; of comet Wells, 5 
517; of the zodiacal light, 546; of lightning, 561; table of lines in the 
spectrum of aurora, 554; his observations on the proper motion ot Sirius, 
471; his types of the fixed stars, 445; his photograph of the solar 
spectrum, 248; of the solar eclipse of 1858, 317. 





W. 


Water spectrum, 61. 

Watts, H. M., his index of spectra, 157. 

Wave-length, of the different coloured rays, 46 ; method of obtaining, in any 
medium, I0oO; the measurement of, 104; method of obtaining, from 
arbitrary scale, 577. 

Wright, A. M., on the chemical analysis of meteors, 524; on the spectrum 
of the zodiacal light, 547. 

Wüllner, his experiments on gas-spectra, 160; his conclusions on the causes 
producing band and line spectra, 165. 


% 


Young, his telespectroscope, 329; his observations on the D-line in the 
spectrum of a solar spot, 307; on the spectra of the prominences, 329; 
on the spectrum of corona, 335 ; during eclipse of 1878, 337; on the Hß- 
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line in prominence spectra in sunshine, 358; of the prominence forms in 
sunshine, 364 ; table of bright prominence lines, 333 ; table of lines in 
chromosphere, 353; his theory on corona, 341; his photograph of pro- 
minences in sunshine, 371; his observation of remarkable solar eruption, 


369. 
Z, 

Zirconia, used for increasing the intensity of the oxyhydrogen blowpipe, 13. 

Zodiacal light, the spectrum of, 546. 

Zöllner, his reversion spectroscope, 390; his eye-piece spectroscope, 416; 
method of observing prominence forms in sunlight, 362 ; his observations 
of the sun’s rotation by the spectroscope, 389 ; of the spectrum ofaurora, 
551; theory of solar spots, 301 ; theory on variable stars, 455 ; theory on 
comets, 514. 
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Culley.— HıvD500X or PRACTICAL. 
TELEGRAPHy. By R. S. CULLEY, 
M. Inst. C.E, Plates and Woodcuts.- 
8vo. 165. 


Dante. —7rz Divine ComEepy OF 
Translated verse for 
verse from the Original into Terza Rima, 


DANTE ALIGHIERI. 


By JamEs Innes MINCHIN. Crown» 


8vo. 155. 
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Davidson. — Av INTRopvcrıoNn 70: 5 


THE STUDY OFTHE NEW TESTAMENT. 


Critical, Exegetical, and Theological. 
By the Rev. S. Davıpson, D.D. LL.D, 
Revised Edition. 2 vols,. 8vo. 305. 


Davidson. — Worxs sr WırLIam 
ZL. DavıDson, M.A. 


THE LocIc oF DEFINITION Ex- 
PLAINED AND APPLIED. Crown 8vo. 6s. 


LEADING AND IMPORTANT ENGLISH 
WORDS EXPLAINED AND EXEMPLIFIED, 
Fcp. 8vo. 35. 6d, 


De Redcliffe.—7AE LIFE OF THE 
RIGHT Hon. STRATFORD CANNING: 
VISCOUNT STRATFORD DE REDCLIFFE, 
02 5&C:2: D.6 2. LE. DESSEN 
his Memoirs and Private and Official 
Papers. By STANLEY LANE-POOLE. 
With 3 Portraits. 2 vols. Svo. 36s. 


De Salis. — Works sy Mrs. DE 


SALIS. 

‚SAVOURIES A LA MoDE. Fcp. 8vo. 
15. boards. 

Entr£es A ma Move. Fcp. 8vo. 


1s. 6d. boards. 

Soups AND DRESSED FISH A 14 
MoDE. Fcp. Svo. Is. 6d. boards. 

OYsTERS A LA MoDe.  Fcp. 8vo. 
1s. 6d. boards. 

‚SWEETS AND SUPPER DISHES A LA 
MODE. Fcp. 8vo. Is. 6d. boards, 

DRESSED VEGETABLES A LA MODE. 
Fcp. 8vo. Is. 60. boards. 

DRESSED GAME AND POULTRY A 
LA MODE. Fcp. 8vo. 15. 6d. boards. 


De Tocqueville. — Dzmocracy ıv 
AMERICA. By ALEXIS DE TOocQaueE-. 
vILLE. Translated by HENRY REEVE, _ 
C.B. 2 vols. crown 8vo, I6s. 
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.  Deland.— Works sy Mrs. DELAND. 
"  Jonn Ward, PREACHER: a Story. 
- Crown 8vo. 6 

‚THE OLD GARDEN, and other Verses. 

"eg Fcp. 8vo. 55. 


-  Dickinson.— Works sy W. How- 

3. ; SHIP DICKINSON, M.D. CANTAB. 
Bl. 2 Enc. 

.. "ON RENAL AND URINARY AFFEC- 


. TIoNs. With ı2 Plates and 122 Wood- 
euts. 3 vols. 8vo. £3. 45. 6d. 


ei THE ToONGUE AS AN INDICATOR OF 
DISEASE : being the Lumbeian Lectures 

‚ delivered at the Royal College of 

t- " Physicians in March 1888. 8vo. 7s. 6d. 


_ Dixon. — Rvrar Bırp Lire ; Essays 
on ÖOrmithology, with Instructions for 
0 Preserving Objects relating to that 
? Science. By CHARLES Dıxon. "With 
45 Woodeuts. Crown 8vo. 55. 
E Dove. Dowzsnav STUDIES: being 
the Papers read at the Meetings of the 
_- Domesday Commemoration 1886, With 
? a Bibliography of Domesday Book and 
> Accounts of the MSS. and Printed Books 
exhibited at the Public Record Office and 
m“; at the British Museum. : Edited by P. 
> h EDWARD Dove, of Lincoln’s Inn, Bar- 
’ rister-at-Law, Honorary Secretary of the 
00. Domesday Commemoration Committee. 
A Vol. -I. 4to. 185.; Vol. II. 4to, 18s. 


4 ei. —A History oF TAXATION 
BY rt AND TAXES IN ENGLAND FROM THE 

EARLIEST TIMES TO THE YEAR 1885, 
00... By STEPHEN DoWeELL, Assistant Solici- 
tor of Inland Kevenue, Second Edition, 
e Revised and Altered. (4 vols. 8vo.) 
0 Vols. I. and II. The History of Taxation, 
21s. Vols. III. and IV. The History of 
laxes, 217. 


Doyle. — Tırz Auen BARONAGE 
OF ENSLAND, Py JamES E. DoyLE. 

Ah Showing the Succession, Dignities, and 
' Öffices of every Peer from 1066 to 1885. 
 * Vols. I. to III. With 1,600 Portraits, 
Shields of Arms, Autographs, &c. 3 vols, 


4to. L5. 55. 


Doyle. — Works sy J. A. Dovzz, 
' Fellow of All Souls College, Oxford. 
THE ENGLISH IN AMERICA: VIR- 


j GINIA, MARYLAND, AND THE CAROLINAS, 
8vo, 185, 


“. THE ENGLISH In AMERICA: THE 
PURITAN COLONIES. 2 vols. 8vo. 365, 


Dublin University Press Seriet 3 



































(The) : a Series of Works undertaken 
by the Provost and Senior Fellows of 
Trinity College, Dublin. 
Abbott’s (T. K.) Codex Rescriptus Dublin« 
ensis of St. Matthew. 4to. 2Is. 2 
Evangeliorum Versio Ante- 
hieronymianaex CodiceUsseriano (Dublin- 
ensi). 2 vols. crown 8vo, 215. 
Burnside (W. S.) and Panton’s (A. w.) 
Theory of Equations. &vo. 125. 6d. 
Casey’s (John) Sequel to Euclid’s Elements. 
Crown 8vo. 35. 6d. 
Analytical Geometry of the 
Conic Sections. Crown 8vo. 75. 6d, 
Davies’s (J. F.) Eumenides of /Eschylus, 
With Metrical English Translation, 8vO, 
5 
Drblin Translations into Greek and Lat i 
Verse. Edited by R, Y. Tyrrell. &vo 
125. Od, r 
Graves’s (R. P.) Life of Sir William 
Hamilton. (3 vols.) Vols.I and. 
8vo. each 155. 
Griffin (R. W.) on Parabola, Ellipse, E 
Hyperbola, treated Geometrically. Crow n 
8vo. 65. 
Haughton’s (Dr. S.) Lectures on Physica 1 
Geography. 8vo. 155. 
Hobart’s (W. K.) Medical Language of = 
Luke. S$vo. 16s. 
Leslie’s (T. E. Cliffe) Essays in Politica, al 
Economy. $&vo. 1os. 6d, 
Macalister’s (A.) Zoology and Morphoiogl Sy 
of Vertebrata. $&vo. IOs. 6d, 
MacCullagh’s (James) Mathematical and 
other Tracts. 8vo, 158. 
Maguire’s (T.) Parmenides of Plato, Greek 
Text with English Introduction, Anal 5; 
and Notes, $vo. 7s. 6d. 
Monck’s (W. H. S.) Introduction to Logic 
Crown $vo. 55. 
Purser’s (J. M.) Manual ot Histology. | Fcp, 
Svo. 55. 
Roberts’s (R. A.) Examples in the Analy 4 
Geometry of Plane Curves. Fcp. 8vo. $ 
Southey’s (R.) Correspondence with Caro ne 
Bowles. Edited by E. Dowden. 8vo. 145 
Thornhill’s (W. J.) The AEneid of Virgil, 
freely translated into English Blank 
Verse. Crown 8vo, 7s. 6d. 
Tyrrell’s (R. Y.) Cicero’s Correspondence 
Vols. I. and II. 8vo, each 12, 
The Acharnians of Aristo 
phanes, translated into English Verse 
Crown $8vo. 25. 6d. 
Webb’s (T. E.) Goethe’s Faust, Transla 
tion and Notes. 8vo. 125. 64 5 
The Veil of Isis: a Serie 
of Essays on Idealism. $vo. IOs. 6a 
Wilkins’s (G.) The Growth of the Homer 
Poems. 8vo, 6s, ö 
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ALFRED EDERSHEIM, D.D. 
THE LirE anD Times or Jesus 
THE MESSIAH. 2 vols. 8vo. 24s. 
PROPHECY AND HISTORY IN RELA- 
TION TO THE MESSIAH: the Warburton 
& Lectures, delivered at Lincoln’s Inn 
Chapel, 1880-1884. 8vo, 125. 


= Ellicott. — Works sr C s 
Zrricort, D.D. Bishop of Gloucester 
+ and Bristol, 

A CRITICAL AND GRAMMATICAL 
COMMENTARYON ST. PAUL’S EPISTLES. 


” 


8vo, 
' DE CORINTHIANS. 165. 
2 GALATIANS, 85, 6d. 
 EPHESIANS. 85, 6d, 


4 PASTORAL EPISTLES. 1I0s. 6d. 
PHILIPPIANS, COLOSSIANS, and PHILEMON. 
} 105. 6d. 

ur THESSALONIANS. 75. 6d. 

Historical LECTURES ON THE LIFE 
3 OF OUR LORD JESUS CHRIST. 8vo. 125. 


English Worthies. Edited by An- 
Rn DREW LANG, M,A. Fcp. 8vo. 15. each, 
sewed; 15. 6. each, cloth. 


 Darwın. By GRANT ALLEN. 
_ Mart2orovcH. By G. SAINTSBURY. 
.ı ‚SHAFTESBURY (The First Earl). By 


EIS DI. TRAIGT. 
ApwmıiraL DBLAXE By Davıo 
HaAnNAY. 


 KaLEıca. By EopmunD Gosse. 
STEELE. By Austin Dogson. 

s Ben Jonsow. By J. A. Symonos. 
>. Cammınc. By Frank H. Hırr. 


CLAVERHOUSE. By MowBrAY 
MoRrRı1s. 


 Epochs of Ancient History. 


10 vols. fcp. 8vo. 25. 60. each. Seep. 24. 


\om 
_ Epochs of Church History. 13 


 vols. fcp. 8vo. 25. 6d. each. See p. 24. 


Epochs of Modern History. 
bir 19 vols. fcp. 8vo. 25. 64. each. See Dr24. 


 Erichsen.— Worxs sv Jon Erıc 
PETEERIERSEN, ERS. 
THE SCIENCE AND ART or SUR- 
3 GERY: Being a Treatise on Surgical In- 


jJuries, Diseases, and Operations. With 
1,025 Illustrations. 2 vols. 8vo, 485. 


ON Concvssiow OF THE SPINE, NER- 
VOUS SHOCKS, and other Obscure Injuries 
ofthe Nervous System. Cr. 8vo. 10s. 6d, 
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# Edersheim.— WORKS, BY THE Rev. | Ewald. — Works BY PROFESSOR 
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Heınrıch Ewarn, of Göttingen. 
THE AnrtiousTtIEs oF ISRAEL. 


Translated from the German by H.S. s 
SOLLY, M.A. 8vo. 125. 6d. R } 


THE Hıstorv or Isragr. Trans- 
lated from the German. 8 vols. 3vo. 
Vols, I. and II. 24. ° Vols EL and 
IV. 215... Vol, V, 18, Vok VIz 1 
Vol. VII. 2ıs. Vol. VII. with Index 
to the Complete Work. 185. Be 


Fairbairn.— Works sr Sır Wi u 
JFAIRBAIRN, BART. CE. Wr 


A TREATISE on Mızıs anp MiLL- | 
WORK, with 18 Plates and 333 Wooduts 
ı vol, 8vo. 255. . 


USEFUL INFORMATION FOR ENG 
NBERS. With many Plates and Wood- 
cuts. 3 vols. crown 8vo. 315. 6. #3 - 

u 


Farrar. — ZancvacE AND Lan- 
GUAGES. .A Revised Edition of Chaßters 
on Language and Families of Speech. By “ 
F. W. FARkAR, D.D. Crown 8vo. 6. 

) Er 

Firth.—Ovr Kıv Across THE SEA 

By J. C. FırrH, of Auckland, New , 


Zealand. Witha Prefaceby Mr. FROUDE x 
Fcp. 8vo. 6s. en 
Fitzwygram. — Hornses and 
STABLES. By Major-General Sir FR, 


FITZWYGRAM, Bart. With 19 pages of 
Illustrations. 8vo. 585. Ah, 
Forbes.— A CoUuRSE oOF LEGFURBS. I 
oN ELECTRICITYy, delivered before the 3%: 
x 


f 
i 


Society of Arts. By GEORGE FORBES, 
M.A. F.R.S. (L.&E.) With 17 Olus- P 
trations. Crown 8vo. 55. „. 


Ford.— ZuE THEORY AND PRACTICE 
OF AÄRCHERY. By the late HoRAcE _ 
Forp. New Edition, thoroughly Revised 
and Re-writtenby W. BuTT, M.A, With 

» a Preface by.C. J. Loncman, MAI == 
F.S.A. 8vo. Iar. hy 


w 


Fox.—T7uE Earıy HISTORY or 
CHARLES JAMES Fox. By the Right 
Hon. Sir G. ©. TREVELYAN, Bart. 

Library Edition, 8vo. 18s. BR. 
Cabinet Edition, cr. 8vo. 6s. 2; 


Francis.—A Boox on Avcıınaz 
or, Treatise on the Art of Fishingin every ı 
branch ; including full Illustrated List 
of Salmon Flies. By FRANCIS FRANcIS, 
Post 8vo, Portrait and Plates, 155. 
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Freeman. —7HE HisTorIcaL GEO- 
GRAPHY OF EUROPE. By E. A. FREE- 
MAN. With 65 Maps. 2vols. 8vo. 315. 6d, 


Froude.— Works zyr James A. 
FROUDE. 

THE Hıstoryv or ENGLAND, from 
the Fall of Wolsey to the Defeat of the 
Spanish Armada, 

Cabinet Edition, 12 vols. cr. 8vo. £3. 125. 
Popular Edition, 12 vols. cr. 8vo. £2. 28. 


SHORT STUDIES ON GREAT SUB- 
. JECTS. 4 vols. crown 8vo. 24s. 


CESAarR : a Sketch. Crown 8vo. 65. 


TuE ENGLISH IN IRELAND IN THE 
EIGHTEENTH CENTURY, 3 vols. crown 
8vo. ISs. 


OCEANA,; OR, ENGLAND AND HER 
COLoNIES. With 9 Illustrations. Crown 
Svo. 25. boards, 25. 6d. cloth. 


THE ENGLISH IN THE WEST INDIES; 
OR, THE Bow or ULYysses. With 9 
Illustration. Crewn 8vo. 2s. boards, 
25. 6a. cloth. 


 THoMmAS CARLYZE, a History of his 


Bee Life, 1795 to 1835. 2 vols. 8vo. 325, 
277 1834 t0 1881. 2 vols. 8vo, 325. 


 Gairdner and Coats.—Ox 7zz Dis- 
EASES CLASSIFIED BY THE REGISTRAR- 
GENERAL AS TABES MESENTERICA. By 

Nr AL. SGATIRDNER: Man, IE.D, ON 

L THE PATHOLOGY OF PHTHISIS PULMO- 


x, NALIS. By JOSEPH CoATs, M.D. With 
# 28 .Illustrations. &vo. 125. 6d, 
- Galloway.— TuE FUNDAMENTAL 


PRINCIPLESOF CHEMISTRY PRACTICALLY 
ZTAUGHT BY A NEW ÄMETHoD. By 
ROBERT GALLOWAY, M.R.I.A. Cr. 8vo. 
65. 6d. 


Ganot. — Works BY PROFESSOR 
GANOT. Translated by E. ATKINSON, 
EpaD EL@.S. 

ELEMENTARY TREATISE ON PHvy- 
sICs. With 5 Coloured Plates and 923 
Woodcuts. Crown 8vo. 155. 

INATURAL PHILOSOPHY FOR GENE- 

\ RAL READERS AND YOUNG PERSONS, 
With 2 Plates, 518 Woodcuts, and an 
Appendix of Questions. Cr. 8vo. 75. 6d, 


Gardiner. — Works BY ‚SAMDVEL 
RAWSON GARDINER, LL.D. 

Hıstorv oF ENGLAND, from the 

Accession of James I. to the Outbreak of 


the Civil War, 1603-1642. Cabinet 
Edition, thoroughly revised. Io vols, 
crown $vo, price 65. each, 

[Continued above. 





























Gardiner.— Worxs zr S. R. GAR. 
DINER, LL.D.—continued. 


A HISTORY OF THE GREAT CIVIE 
WAR, 1642-1649. (3 vols.) Vol. I 
1642-1644. With 24 Maps. 8vo. 215. 

OUTLINE OF ENGLISH HISTORY, 
B.C. 55-A.D. 1886. With 96 Woodcuts, 
fcp. 8vo. 25. 6d. 

* * For other Works, see “Epochs o 
Modern History,’ p. 24. 


Garrod.— Works BY SIR ALFRED 
BARING GARROD, M.D. F.R.S. 


A TREATISE ON GOUT AND RKHED- 
MATIC GOUT (RHEUMATOID ARTHRITES). 
With 6 Plates, comprising 2ı Figures 
(14 Coloured), and 27 Illustrations en- 
graved on Wood. &8vo. 215. 


THE ESSENTIALS OF MATERIA 
MEDICA AND THERAPEUTICS. Nev 
Edition, revised and adapted to the New. 
Edition of the British Pharmacopeia, by 
NESTOR TIRARD, M.D. Cr. 8vo. 125. 6d, 


a Novel. By 


Crown 8vo. 65. 


Gerard. —ORTHODOX: 
DOROTHEA GERARD. 


Gibson-- A Texr-Book OF ELEME 
TARY BioLocr. By R. J. HARvEY 
GıBson, M.A. F.R.S.E. Lecturer on 
Botany in University College, Liverpool, 
Crown 8vo. [early ready. 


Gilkes.—Bors ap Masters: aStor y 
of School Life. By A.H.GiLkes, Hea 
Master of Dulwich College. Fcp. 8v0, 
35. 6d. 


Godolphin.—7#z ZIIıFE or THE 
EARL OF GODOLPHIN, Lord High Trea- 
' surer 1702-1710. By the Hon. Hucm 
ELLIOT, M.P. 8vo. 155. a 


Goethe.— Aıvsr. ANew Translation, 
chiefly in Blank Verse; with Introdu 
tion and Notes. By JAMES ADEY BIRDS, 
B.A. F.G.S. Crown 8vo. 12.64 


Grant. — TwE ETHIcs OF ÄRISTOTLE 
The Greek Text illustrated by Essay 
and Notes. By Sir ALEXANDER GRANT, T, 
Bat. LLD, D.C a au 
8vo. 325. 


Gray. — Anatomy, DESCRIPTIVE 
AND SURGICAL. By HENRY GRAY, 
F.R.S. late Lecturer on Anatomy al 
St. George’s Hospital. With 569 Wood- 
cut Illustrations, a large number © 
which are coloured. Re-edited by T, 
PICKERING PICK, Surgeon to St, George 
Hospital, Royal 8vo, 3685. 
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Green. — THE Works oF THOMAS 
ZIILL GREEN, late Whyte’s Professor of 

En, Moral Philosophy, Oxford. Edited by 
By; R. L. NETTLESHIP, Fellow of Balliol 
College (3 vols.) Vols. I. and Il.— 
Philosophical Works. 8vo. 165. each. 
Vol. III. —Miscellanies. With Index to 


the three Volumes and Memoir. 8vo, 21s. 


TUE Wirwess or GoD, ano FaItH: 
Two Lay Sermons. By T. H. GREEN. 
Fep. 8vo. 25. 


Greville.— A JourNmAaL OF THE 
REIGNS OF KING GEORGE IV. King 

z WILLIAM IV. AND QUEEN VICTORIA. 
= By the late C. C. F. GREVILLE, Esq. 
Edited by H. REEvE, C.B. Cabinet 


Edition. 8 vols. Crown 8vo. 6s. each. 
. Gwilt.—Av ZEnmcycLoPp£DIA or 
ARCHITECTURE. By JOSEPH GWILT, 


F.S.A, Ilustrated with more than 1,700 
Engravingson Wood. Revised by WYATT 
PAPWORTH. 8vo. 525. 6d. 


Haggard.— Works zr H. RiDER 

u" HAGGARD. 
© °  CoLonEL QUARITCH, V.C. A Novel. 
3 vols. crown 8vo. 255. 6d. 

SHE. New and Cheaper Edition. 
With 32 Illustrations by M. GREIFFEN- 

u HAGEN and C, H. M. KERR. Crown 
2 " 8vo. 35. 6d. 

0 "AcLAnN QUVATERMAIN. New and 
u .. Cheaper Edition. With 31 Illustrations 
by C. H. M. KErR. Crown 8vo. 3s. 6d, 
 ..MaIwA’S REVENGE; OR, THE WAR 
Hi OF THE LITTLE HAND. Crown 8vo, 2s. 
boards; 25. 6d. cloth. 


{ | _ Halliwell- Phillipps.—Ovrzınzs or 
P THE LIFE OF SHAKESPEARE. By ]J.O. 

a HALLIWELL-PHILLIPPS, F.R.S. 2 vols, 

Royal 8vo. Ios. 6a. 


Harte. —Wovzıs sy Brer HARTE. 


2 In THE Carovımsz Woopvs. Fcp. 
i 8vo. Is. boards; Is. 6@. cloth. 


16mo. IS. 
16mo. 15. 


’. ' 


ON THE FRONTIER. 
Br SHORE AND ‚SEDGE. 


. Hartwig.— Workssr Dr. Harrwic. 
ZAE SEA AND ITS Living WONDERS. 
. With 12 Platesand 303 Woodcuts. 8vo. 
105. 6d. 
THE TRoPICAL WorLD. With8Plates, 
and 172 Woodcuts, 8vo. Ios. 6d. 
THE Porar Worro. With 3 Maps, 


fi 3 Plates, and 85 Woodcuts. 8vo. IOs. 6«, 
ö [Continued above. 
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Hartwig. — Works sr DDR. 
BARTWIG.—continued. 


THE SUBTERRANEAN WORLD. With r 


8vo. 105. 64. 


With Map, 
8vo. IOs. 6d. 


3 Maps and 80 Woodcuts, 


THE ÄAERIAL WORLD. 
8 Plates, and 60 Woodeuts, 


The following books are extracted from the 


foregoing works by Dr. HARTWIG :— 


@. 
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HEROES OF THE ÄARCTIC REGIONS. 


With 19 Illustrations. 
cloth extra, gilt edges. 


WONDERSOFTHE TROPICAL FORESTS. 


With 40 Illustration. Crown 8vo. 25. 


cloth extra, gilt edges. 

WORKERS 
or, Mines and Mining. 
trations. 
edges. 

MARVELS OvVER Ovr HEaDs. With 
29 Illustrations. 
extra, gilt edges. 

"MARVELS UNDER OUR FEET. 
22 Illustrations. Crown 8vo. 2s. cloth 
extra, gilt edges. 

DWELLERS IN THE ÄRCTIC REGIONS. 
With 29 Illustrations. Crown vo. 25. 6d, 
cloth extra, gilt edges. 

WINGED LIFE IN THE TROPICS. 
With 55 Illustrations. Crown 8vo. 25. 6d, 
cloth extra, gilt edges. 

VOLCANOES AND EARTHOUAKES. 
With 30 Illustrations. Crown 8vo, 25, 6d. 
cloth extra, gilt edges. 

Wırp ANIMALS OF THE TROPICS. 
With 66 Illustrations. Crown 8vo. 3s. 6d. 
celoth extra, gilt edges. 

SEA MONSTERS AND SEA BIRDS. 
With 75 Illustrations. Crown 8vo. 2s. 6d, 
cloth extra, gilt edges. 

DENIZENS OF THE DEEP. With 
117 Illustrations. Crown 8vo. 25. 6d. cloth 
extra, gilt edges. = 


Hassall.—7#E /NHALATION TREAT- 
MENT OF DISEASES OF THE ORGANS OF 
RESPIRATION, includıng Consumption, 
By ARTHUR HırıL Hassarı, M.D, 
With 19 Illustrations of Apparatus. Cr, 
8vo. 125. 6d. 


Havelock. — MEMoIRS or. SIR 
- HENRY HAvELock, ÄK.C.B. By JoHn 
CLARK MARSHMAN. Crown 8vo, 35. 6d. 


With 29 Illus- 


Hearn.— THE GOVERNMENT OF EnG- 
LAND ; its Structure and its Development. 
By WILLIAM EDWARD HEARN, Q.C, 
8vo. I6s. 
A3 


Crown 8vo. 25. 


UNDER THE GROUND; 


Crown 8vo, 2s. cloth extra, gilt 


Crown 8vo. 25. cloth 


With.‘ 
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« _ With zıı Engravings. 


Helmholtz. — Worxs Br Pkro- 


FESSOR HELMHOLTZ. 


ON THE SENSATIONS OF TONE AS A 
PHYysIOoLOGICAL BASIS FOR THE THEORY 
oF Music. Royal 8vo. 28s. 


POPULAR LECTURES ON SCIENTIFIC 
SUBFECTS. With 68 Woodcuts. 2 vols. 
Crown 8vo. I5s. or separately, 75. 6d, each. 


Herschel.—Ovrzırnes or ASTRO- 

. Nomy. By Sir J. F. W. HerscHeL, 

Bart. M.A. With Plates and Diagrams, 
Square crown 8vo, 125. 


 Hester’s Venture: a Novel. By 
‚ the Author of ‘The Atelier du Lys.’ 
3 Crown 8vo. 25. 6d. 


_ Hewitt. — THE DraGnosis AND 
TREATMENT OF DISEASES OF WOMEN, 
INCLUDING THE DIAGNOSIS OF PREG- 

“ Nancy, By Graity Hewitt, M.D. 

8vo. 245. 


Bere Towns. Edited by E. A. 

‚ FREEMAN, D.C.L. and Rev. WILLIAM 

* Hunt, M.A. With Maps and Plans, 
y Crown 8vo. 35. Od. each. 


Lonpon. By W. E. LorTie. 
 EXETER. ByE. A. FREEMAN. 
© Bristor. By W. Hunr. 
. -Oxrorv. ByC. W. Bosse. 
 COLCHESTER. ByE.L. Curtts. 
' Cıwovz Ports. By Montacu 
BURROWwSs, 


N, HoLMmEs, M.A. 
2 F.R.S. 3 vols. royal 8vo. £4. 4s. 


+ 


Holmes.—A Srsrzu or ‚SURGERY, 
Theoretical and Practical, in Trreatises by 
various Authors. Edited by Tımorauy 

and J. W. HULke, 


‘ Homer. —7uz /zLran or Homekr, 
Homometrically translated by C. B, Cay- 
LEY. 8vo. 125. 6d, 


ZHE ILıan or Homer. The Greek 
Text, with a Verse Translation, by W. C, 
GREEN, M.A. Vol. I. Books L-XII. 
Crown 8vo, 6s. 


 Hopkins.— Crrısr THE CoNSOLER; 
a Book of Comfort for the Sick. By 
ELLIcE Hopkins. Fcp. 8vo. 25. 6d. 


Howitt.—Vısırs 70 REMARKABLE 
PLAc#s, Old Halls, Battle- Fields, Scenes 
illustrative of Striking Passages in English 
History and Poetry. By WILLIAM 
Howırtrt. With 80 Illustrations engraved 
on Wood, Crown 8vo, 55, 
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Hudson & Gosse.—7YE KOTIFERA 
OR ‘WHEEL-ANIMALCULES. ByC.T. 
Hupson, LL.D. and P. H. Gosse, 
F.R.S. With 30 Coloured Plates. In 6 
Parts. 4to. Ios. 6d. each. Completein 
2 vols. 4to. £3. IOs. 


Hullah.— Works sy JoHN HULLAH. 
COURSE OF LECTURES ON THE His- 
TORY OF MODERN Mvsıc. $8vo. 85.6d, 
COURSE OF LECTURES ON THE TRAN- 
SITION PERIOD OF MUSICAL HISTORY, 
8vo. I0s. 6d. Y 


Hume.— 7#E PHILOSOPHICAL WORKS 
or Davıp HumeE. Edited by T, H, 
GREEN and T. H. GRoSE. 4 vols. 8vo, 
565. Or separately, Essays, 2 vols. 285 
Treatise of Human Nature, 2 vols. 28, 


Hutchinson. —7ZwEz Rzcorp or A 
Human SovL. ByHorace G. HUTCH- 
INSON. Fcp. 8vo. 35. 6d. 


Huth. — 7#z MARRIAGE OF NEAR 
ATN, considered with respect to the Law 
of Nations, the Result of Experience, 
and the Teachings of Biology, By 
ALFRED H. HuTH, KRoyaldvo. 21. 


‘the Olden Time: a Tale of 
the Peasant War in Germany, By Author 


of ‘ Mademoiselle Mori.’ Cr. 8vo. 25. 6d. 


Ingelow.— Works By JEAN INGE- 
. LOW. 
Porrıcar Worxs. Vols. I. and U, 
Fcp. 8vo. 125. Vol. III. Fcp. 8vo, 55. 
LYRICAL AND OTHER PoEms. Se- 
lected from the Writings of JEAN 
InGELow. Fcp. 8vo, 25. 6a. ee. 
35. cloth gilt. 


Jackson. —Aıp 7o ENCHVEREEN © 
SOLUTION. By Lowıs D’A. JACKSON, 
C.E. With ııı Diagrams and 5 Wood- 
cut Illustrations. $vo. 215. 


James. — 7Tuz Zoxs WHITE Movx- 
TAIN; or, a Journey in Manchuria, with 
an Account of the History, Administra- 
tion, and Religion of that Province. By 
H. E. JamEs, of Her Majesty’s Bomba y 
Civil Service. With Ilustrations ir b 
Map. 1 vol.8vo. 245. 


Jameson. — Works zy Mrs Ja LE- 
SON. u 
LEGENDS OF THE SAINTS AND MAR- 
TYRS. With 19 Etchingsand 187 Wood- 
cuts, 2 vols, 315. 6d, 
LEGENDS OF. THE MADONNA, 
Virgin Mary as represented in bacı red 


and Legendary Art. With 27 Etching 
‚and 165 Woodcuts. I vol. 215. | 


[Continued on next page, 


In 


. 
„1 


Par) 


PUBLISHED BY MESSRS. LONGMANS, GREEN, & Co. 

















‘ Jameson. — Works sy Mrs. JAmE- 





LEGENDSOF THE MONASTIC ORDERS. 
BE With ıı Etchings and 88 Woodcuts, 
E Pyols. 27, 
 .. HISTORYOF THE SAvIovR, His Types 
and Precursors. Completed by Lady 
EASTLAKE. With 13 Etchings and 281 
Woodcuts. 2 vols. 425. 


Jeans. — Works zy J. S. JEANS. 
 ENGLAND’S SUPREMACY: its Sources, 
Economics, and Dangers. 8vo. 85. 6«. 


" XKarrway PROBLEMS: An Inquiry 
into the Economic Conditions of Rail- 
way Working in Different Countries. 
8vo. 125. 6d, 


. Jefferies.— leo anp HEDGERoWw: 
D last Essays of RICHARD JEFFERIES, 
Crown 8vo. 6s. 


- Jenkin. — Parzxs, LIiTErarv, 
SCIENTIFIC, & 


Se. A the late FLEEMING 
+3 JENKIN, F.R.S L. &E: Edited by 
SIDNEY CoLvin, 5 A. and J. A. Ewing, 
'F.R.S. With Memoir by ROBERT Lovis 
STEVENSON. 2 vols. 8vo. 325. 


 Jenner.—Av /mPrErrEcT GENTLE- 

MAN: a Novel. By KATHARINE LEE 
(Mrs. HENRY JENNER), Author of <A 
Western Wild Flower’ &c, 
crown 8vo. 255. 6d. 


Johnson. —7iurz Parentee’s Man- 
we UAL ; a Treatise on the Law and Practice 
of Letters Patent. By J. JoHNsoN and 
J. H. Jounson. 8vo. 105.60. 


Mi ohnston.—4 Grwerar Dicrror- 
7 ARY OF GEOGRAPHY, Descriptive, Physi- 
n cal, Statistical, and Historical ; a com- 
ie plete Gazetteer of the World. By KEITH 

. Joanston, Medium 8vo. 42s. 


Johnstone.— A Szorr Intropvc- 
= ©. TIoN TO THE Stupy oF Locic. By 
= LAURENCE JOHNSTONE. Crown 8vo. 
Be. .25 Od. 


Jordan. — Works sr Wırzıım 
LEIGHTON JORDAN, F.R.G.S. 


 ZHE Oczav: a Treatise on Ocean 
Currents and Tides and their Causes. 
Be 890, 2185. 
 .Zwe New PrivcıpLes or NATURAL 
©.  Phutosorny. With 13 plates. 8vo. 215. 
 T#z Wıvps: an Essay in Illustration 
of the New Principles of Natural Philo- 
sophy. Crown 8vo. 2s. 
. ZHE STANDARD OF VALDE. 
Ei Svo, 65. 


3 vols. 


Crown 





Jukes.— Works sy Anprew JURESs. 
THE NEW MAN AND THE ETERNAL' 
LIFE. Crown vo. 6s. r 
THE TYPES OF GENESIS. Crown 5 
8vo. 75. 6d. MN 
THE SECOND DEATH AND THE RE- 
STITUTION OF ALL THINGS. Crownd8vo. 


35. 6d. Ä 
THE MYSTERY OF THE Kıvspom. | 
Crown 8vo. 25. 6d. P 


THE NAMES OF GoD ee, ' % 
TURE: a Revelation of His Nature and DE 
Relationships. Crown 8vo. 4. 6d 


Justinian.— THE INSTITUTES OF . fe. 
JUSTINIAN ; Latin Text, chiefly that of 33 
Huschke, with English Introduction, 
Translation, Notes, and Summary. By 


THOMAS C. SANDARS, M.A, 8vo. I8s. f 
Y 


Kalisch. — Works sr M. Mm "3 
KauiscH, M.A. v3 2 
BiBLE Studıes. PartI. The RK Br 


phecies of Balaam. 8vo. 105. 6d. Part x x 
II. The Book of Jonah. 8vo. 10.6. 


COMMENTARY ON THE OLD TEsSTa- % 


MENT ; witha New Translation. : Vol.I. 
Genesis, 8vo. 185. or adapted for the 
General Reader, ı2s. Vol. II. Exodus, 


155. or adapted for the General Reader, 
125. Vol. III. Leviticus, Part L 1, oe 
adapted for the General Reader, 85 
Vol. IV. Leviticus, Part II. 15. or 
adapted for the General Reader, 85. I 
JPHEBREW GRAMMAR. With Exer- 
cises. Part I. 8vo; 12.64 Keu zes 
Bart. Kir 125,02. ve 


Kant. — WorkszvrEMmMANVELKAaNT. 


. # 
CRITIOUE OF PRACTICAL' REASON. 
Translated by T. K. Abbott. 8vo. 125.6. 
INTRODUCTION TO LoGIc, AND HIS 
ESSAY ON THE MISTAKEN SUBTILTY 


OF THE FOUR FIGURES. Translatedby 
T. K. Abbott, » With Notes ba zz 
Coleridge. 8vo. 6s. \ 
Kendall.— Worxzs sr Mav Rem 
DALL. tr 
FROM A GARRET. Crown 8vo. 65. e 
DrEAmS To SELL; Poems. Fcp, ”° 


Svo. 6s. 


Killick.— HZanp500ox To  Miırr’ “ 
SYSTEM OF LoGIc. Bythe Rev. A.H. 
KILLICK, M.A. Crown 8vo. 35. 6d. 


Kirkup.— Av /voviry 1970 SocraL- 
ISM. ‚By TuoMmAs KırKUP, Author of 
the Article on “ Socialism ’ in the © Ency- 
clopsedia Britannica.’ Crown 8vo, 55. 


KnowledgeLibrary. (SeeProcror’s 


Works, p. 17.) Dr P 
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Kolbe.—A SHORT TEXT-BOOK OF 
Pr INORGANIC CHEMISTRY. By Dr. HER- 
MANN KoLsBE. Translated from the 
German by T. S. HumripGe, Ph.D. 
With a Coloured Table of Spectra and 
66 Illustrations. Crown 8vo. 75. 6d, 


Ladd. — ZLEements or PHvs1oLo- 
GICAL PSYcHoLoGY: a Treatise of the 
Activities and Nature of the Mind from 
the Physical and Experimental Point of 

x View. By GEORGE T. LApDp. 8vo, 215. 


Lang. — Works by Anprew Lang. 


MyrH, Rıtval, AND RELIGION. 2 
2 vols. crown 8vo. 215. 
Cvsrom anp Myr#; Studies of Early 
Usage and Belief. With 15 Illustrations, 
‚Crown 8vo. 75. 6d. 
LETTERS TO DEAD AUTHORS. Fcp. 
 8vo. ds. 6d, 

‚ Boors anDp BookMEn. With 2 
Coloured Plates and 17 Illustrations. Cr. 


"8vo. 6s. 6d. 
n  GRASS or PAarNASsSUS. A Volume 
| of Selected Verses. Fcp. 8vo. 6s. 
Er Bartaps or Booxs. Edited by 
ANDREW LANG. Fcp. 8vo, 6s. 


LETTERS ON LITERATURE. Fcp.8vo. 
65. 6d. [Ur the press. 


Laughton.—Srupızs ın MNavar 
History; DBiographies. Ey 1 !'&, 
LAUGHTON, M.A. 8vo. Ios. 6d, 


er: — Works BY W.E. H. Leckv. 
"ZitstoRY oF ENGLAND IN THE 
EIGHTEENTH CENTURY. $8vo. Vols, 
I. & II. 1700-1760. 365. Vols. III. 
& IV. 1760-1784. 365 Vols V.& VI. 
1784-1793. 368. 
THE HISTORYOF EUROPEAN MORALS 
FROM AUGUSTUS TO CHARLEMAGNE. 
2 vols. crown $8vo. I6s. 
HISTORY OF THE RISE AND INFLU- 
" ENCE OF THE SPIRIT OF RATIONALISM 
IN EUROPE. 2 vols. crown 8vo. 16s. 


Lees andClutterbuck.—2.C. 1887, 
A RAMBLE IN BRITISH COLUMBIA. By 
J. A. Lees and W. J. CLUTTERBUCK, 
Authors of ‘Three in Norway.’ With 
Map and 75 Illustrations from Sketches 
and Photographs by the Authors, Crown 
8vo. 10s. 6d, 


Lewes.—7#z Hırstorv or Prıro- 
SOPHY, from Thales to Comte., By 
GEORGE HENRY LEWES, 2vols, 8vo, 325. 


Light through the Crannies.— 
Parables and Teachings from the other 
Side. First Series. - Crown $8vo, Is. 
sewed ; 15. 6d, cloth. 








































Lindt.—/icrur£esovEz NEw GUINEA. 
By J. W. Lixopt, F,R.G,S. Wiki 205 
Full-page Photographic Illustrations. 4to 

‚425. 


Liveing.— Works By RoßBERT LIVE- 
ING, M.A. and M.D. Cantab. 


JANDBOOK ON DISEASES OF THB 
SKIN. Fcp 8vo. 55. 
INOTES ON THE TREATMENT OF SKIB- 
DISEASES. 18mo, 35. 
Lioyd.—A TRrEATISE on MACNET- 
ısM, General and Terrestria. By H, 
Liovp, D.D, D.C.L.- &yo. 105, 64% 


Lloyd. — 7Z#E SCIENCE oOF AGRICUE- 
TURE. ByF.]J. Lroyp. &vo. 125 


Longman.— Zısrory OF THE LIFE 
AND TIMES OF EDWARD II, 
WILLIAM LONGMAN. 2 vols. 8vo, 28s, 


Longman.— WorKs BY FREDERICK | 
W. Loncman, Balliol College, Oxon, 


CHESS OPENINGS. Fep. 8vo. 25. 6d. 


FREDERICK THE GREAT AND THB 
SEVEN YEARS’ WAR. cp. 8vo, 25. 6d. 


A New PocKErT DICTIONARY or 
THE GERMAN AND ENGLISH LA 
GUAGES. Square I8mo. 25. 6d. 


Longman’s Magazine. Published 
Monthly. Price Sixpence, - > 
Vols. 1-12, $vo, price 55. each. 


Longmore.— Works BY SURGEON- 
GENERAL SIR T. LONGMORE. 


GUNSHOT INYURIES ; their Histo 
Characteristic Features, Complications, 
and General Treatment, With 58 A 
trations. 8vo, 315. 6d. 


THE ILLUSTRATED OPTICAL MAan- 
UAL; or, Handbook of Instructions for. 
the Guidance of Surgeons in Testing 
Quality and Range of Vision, and in 
Distinguishing and dealing with Optical 
Defects in General. With 74 Drawings 
and Diagrams. 8vo. 14s. 


Loudon.— Works zy J. C. Zovpox, 
LS, 


ENCYCLOPEDIA OF GaRDENING. 
With 1,000 Woodcuts, 8vo, 21s. 


ENCYCLOPEDIA OF AGRICULTURE 5 
the Laying-out, Improvement, and 
Management of Landed Property. With 
1,100 Woodcuts. 8vo. 2Is. 

ENCYCLOPEDIA OF PLANTS 5; he 
Specifice Character, &c. ofall Plants foun d 
in Great Britain. With 12,000 Wood» 
cuts. 8vo, 425. . 

Dr} 
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Lubbock.— 7Hz Orıcıny or CiVIer- 
ZATION AND THE PRIMITIVE CONDITION 
oF Man. By Sir J. LussBock, Bart. 
Mr: F.R.S. With Illustrations. 8vo, 
1855. E 


Lyall.—7uz AurosioGrAarnv or A 
SLANDER. By EpnAa Lyauıt, Author 
of ‘Donovan,’ ‘We Two,’ &c. Fcp. 
8vo. Is. sewed. 


Lyra Germanica ; Hymns Trans- 
lated from the German by Miss C. 
WINKWORTH. Fcp. Svo. 55. 


x 
Macaulay.— Works anD LIFE or 
LoRD MACAULAY. 


History OF ENGLAND FROM THE 
ACCESSION OF FAMES THE SECOND: 
Student’s Edition, 2 vols. crown 8vo. I2s. 
People’s Edition, 4 vols. crown 8vo. 16s. 

Cabinet Edition, 8 vols. post 8vo. 485. 
Library Edition, 5 vols. 8vo. £4. 


ÜCRITICAL AND HISTORICAL ESSAYS, 
with LAYS of ANCIENT KOME, m I 
volume: 

Authorised Edition, crown 8vo. 2s. 64. or 
35. 6d. gilt edges. 

Popular Edition, crown 8vo. 25. 6d, 


CRITICAL AND HISTORICAL ESSAYS: 


Student’s Edition, I vol. crown 8vo. 6s. 
People’s Edition, 2 vols. crown 8vo. 8s. 
Cabinet Edition, 4 vols. post 8vo, 245. 
Library Edition, 3 vols. 8vo, 36s. 


Essays which may be had separ- 
_ ately price 6@. each sewed, Is. each cloth: 


Addison and Walpole. 

Frederick the Great. 

Croker’s Boswell’s Johnson. 

Hallam’s Constitutional History. 

Warren Hastings. (3d. sewed, 6d. cloth.) 

The Earl of Chatham (Two Essays). 

Ranke and Gladstone. 

Milton and Machiavelli. 

Lord Bacon. 

Lord Clive. 

Lord Byron, and The Comic Dramatists of 
the Restoration. 


The Essay on Warren Hastings annotated 
by S. HALES, 15. 6d. 

The Essay on Lord Clive annotated by 
H. CoURTHOPE BoWEN, M.A,. 25. 6a. 


SPEECHES : 
People’s Edition, crown 8vo. 35. 6@. 


_ MISCELLANEOUS WRITINGS : 
Library Edition, 2 vols. 8vo. 21s. 
People’s Edition, ı vol. crown 8vo, 45. 6d, 

[Continued above. 








Macaulay— Worxs AND LIFE 0# 
LORD MACAULAY—.continued. \ 
LAYS OF ANCIENT ROME, &c. 
Illustrated by G. Scharf, fcp. 4to. 105. 6a, 
Bijou 





18mo. 25. 6d. gilt top. 














Popular Edition, 
fcp. 4to. 60. sewed, 15. cloth. ; 

Tl krated byJ. R. Weguelin, crown 8vo, 
35. 6d. cloth extra, gilt edges. 

Cabinet Edition, post 8vo. 35. 6d. N 

Annotated Edition, fcp. 8vo. Is. sewed Is.6d, 
cloth, or 25. 6@. cloth extra, gilt edges. 


SELECTIONS FROM THE WRITINGS 
oF LorpD MacauLay. Edited, with Oc- 
casional Notes, by the Right Hon. Sir 
G.O. TREVELYAN, Bart. Crown 8vo, 6s. 


ÄMISCELLANEOUS WRITINGS AND 
SPPEECHES: 

Student’s Edition, in I vol. crown 8vo. 6s. 

Cabinet Edition, including Indian Penal 
Code, Lays of Ancient Rome, and Mis- 
cellaneous Poems, 4 vols. post 8vo. 245. 








Edition, 


COMPLETE Works or Lord Mac- 


AULAY. 
Library Edition, 8 vols. 8vo. £5. 55. 
Cabinet Edition, 16 vols. post 8vo. £4. I6s, 


THE LIFE AND LETTERS OF LORD 
MuacAuLAy. By the Right Hon, Sir 
G. OÖ. TREVELYAN, Bart. 

Popular Edition, I vol. crown 8vo. 6s. 

Cabinet Edition, 2 vols. post Svo. 12s. 

Library Edition, 2 vols. 8vo. 36s. 


Macdonald. — Works zEY GEORGE 


MAucDoNALD, LL.D. 
UNSPOKEN SERMONS. 
Crown 8vo. 35. 6d. each. 
THE MIRACLES OF OUR ZLoRrD. 
Crown 8vo. 35. 6d. 
A BooK OF STRIFE, IN THE FORM 
OF THE DIARY OF AN OLD SOUL: 
Poems. 12mo. 6s. 


Macfarren.— Works Br Sır G. A. 
MACFARREN. 
LECTURES ON HAarmoxr, delivered 
at the Royal Institution. S8vo. 125. 
ADDRESSES AND LECTURES, delivered 
at the Royal Academy of Music, &c, 
Crown 8vo, 6s. 6d, 


Macleod.— Worxs sr Henry D. 

MACLEoD, M.A. 

THE ELEMENTS OF Economics. In 
2vols. Vol. I. crown 8vo. 7s. 6d. Vol. 
II. PART I, crown 8vo. 7s. 6d. 

THE ELEMENTS OF BANKING. 
Crown 8vo. 55. 

THE THEORY AND PRACTICE OF 
BANKING. Vol, 1.8vo. 125. Vol, II. 145. 


Two Series, 
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' McCulloch.— Taz Dictionary 
OF COMMERCE AND COMMERCIAL NAVI- 
GATION of the late J. R. MCCULLOcCH, 
of H.M. Stationery Office. Latest Edi- 
‚tion, containing the most recent Statistical 
Information by A. J. Wırson. 1 vol. 
medium 8vo. with 1Iı Maps and 30 Charts, 
price 635. 'cloth, or 70s. strongly half- 
N bound in russia. 


Mademoiselle Mori: a Tale of 
Modern Rome. By the Author of ‘ The 
Atelier du Lys.’ Crown 8vo. 25. 6d. 


„. Mahaffy.—A History or CLas- 
SICAL GREEK LITERATURE. BytheRev. 
y J. P. Mauarry, M.A, Crown 8vo. 
Vol. I. Poets, 7s. 6. Vol. II. Prose 
Writers, 7s. 6d. 


- Malmesbury. — AZ/Emorrs or AN 

Ex-MINISTER: an Autobiography. By 

Pi the Earl of MALMESBURY, G.C.B. Crown 
er 8vo. 75. 6d. 

» Manning.— T#Ez Temrorar Mis- 
SION OF THR HoLy GHOST ,; or, Reason 
BE and Revelation. By H. E. MANNING, 

D.D. Cardinal- -Archbishop. Crown 8vo, 
85. 6d. 


Martin. — NAVIGATION AND NAUTI- 
CAL AÄSTRONOMY. Compiled by Staff- 


% Commander W. R. Marrın, R.N. In- 
es structor in Surveying, Navigation, and 
% Compass Adjustment; Lecturer on 


Meteorology at the Royal Naval College, 
Mr Greenwich. Sanctioned for use in the 
Bi: Royal Navy by the Lords Commissioners 
Be ofthe Admiralty. Royal 8vo, 18s. 


 Martineau— Worxs sr JAMES 
v >> MARTINEAD, D.D. 

Hovrs oF THOUGHT 0N SACRED 
2.00... ZHıGs. Two Volumes of Sermons, 
2 vols. crown 8vo. 75. 6d. each. 
ENDEAVOURS AFTER THE CHRISTIAN 
; 2 ». LIFE. Discourses. Crown 8vo. 75. 6d, 


_ » Maunder’s Treasuries. 


BIOGRAPHICAL TREASURY. Recon- 

ARE structed, revised, and brought down to 

a the year 1882, by W. L, R, Cares, 

nr Fcp. 8vo. 6s. 

1. TREASURY OF NATURAL HISTORY, 
” or, Popular Dictionary of Zoology. Fep. 

8vo. with 900 Woodcuts, 65. 

. TREASURY OF GEOGRAPHY, Physical, 

Historical, Descriptive, and Political. 

With 7 Mapsand 16 Plates. Fcp. 8vo. 6s. 


all Nations. Revised by the Rev. Sir G, 
W. Cox, Bart. M.A. Fcp. 8vo. 6s. 
[Continued abewe, 


HisToricaL TREASURY: Qutlines of 
Br, Universal History, Separate Histories of 































Maunder’s Treasuries—.continued. 


TREASURY OF KNOWLEDGE AND 
LIBRARY OF REFERENCE. Comprising 
an English Dictionary and Grammar, 
Universal Gazetteer, Classical Dictionary, 
Chronology, Law Dictionary, &c. Fcp. 
8vo. 65. 

SCIENTIFIC AND LITERARY TREA- 
SURY. Fcp. 8vo. 6s. 


THE TREASURY OF BIBLE Knxow- 
LEDGE. By the Rev. J. AyrRE, M.A. 
With 5 Maps, 15 Plates, and 300 Wood- 
cuts. Fcp. 8vo. 6s. 7 

THE Treasury or Boranv. 
Edited by J. LınpLey, F.R.S. and 
T. Moore, F.L.S. With 274 Woodceuts 
and 20 Steel Plates. Two Parts, fcp. 
8vo. 125. 


Max Müller. — Works sr A. Max 
MÜLLER, M.A. 


BIOGRAPHICAL ESSAYS. 
75. 6d. 

SELECTED ESSAYS ON LANGUAGE, 
MYTHOLOGY AND ARELIGION. 2 vols. 
crown 8vo. I6s. - 

LECTURES ON THE SCIENCE OF LAN- 
GUAGE. 2 vols. crown 8vo. I6s. , 


Inpra, Wuar Can ır Teac Us? 
A Course of Lectures delivered before the 
University of Cambridge, 8vo. I2s. 6a 

J‚IBBERT LECTURES ON THE ÖRIGIN 
AND GROWTH OF RELIGION, as illus- 
trated by the Religions of India. .— 
8vo. 75. Od. 

INTRODUCTION TO THE SCIENCE OF 
RELIGION: Four Lectures delivered at th 
Royal Institution. Crown $8vo. 75. 6d. 

THE SCIENCE OF THOUGHT, 890.215. 


THREE JNTRODUCTORY LECTURES 
ON THE SCIENCE OF THOUGHT. 810. 
25. 6d. 

BIOGRAPHIES OF WORDS, AND THE 
HOMEOFTHE ARYAS. Crown Svo, ns. 6d. 


A SANSKRIT GRAMMAR FOR BE- 
GINNERS. New and Abridged Edition 
accented and transliterated throughout 
By A. A. MAcDoneıL, M.A, Ph. % 
Crown 8vo. 6s. 


Crown Svo. 


En 


May.— Works BY THE RIGHT Ho: | 
SIRTHOMASERSKINE MAY, K.C. 
THE GONSTITUTIONAL History OF 


GEORGE III. ua, 3 vols. crow 
8vo. I8s. 


DEMOCRACY IN EUROPE; a Histo v, 
2 vols. Svo. 325. 3 
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Meath.— Works sy tus EArr or | 


MEATH (Lord Brabazon). 


SOCIAL ARROWS: Reprinted Articles 
on various Social Subjects. Crown 8vo. 
15. boards, 55. cloth. 


PROSPERITY OR PAavPpErısm? Phy- 
sical, Industrial, and Technical Training. 
(Edited bythe EARL OF MEATH). 8vo. 55. 


Melville.—NVorzzs zy G. J. WuyTe 
MELVILLE. Crown 8vo, Is. each, boards; 
Is. 6@. each, cloth. 
The Gladiators. 
The Interpreter. 
Good for Nothing. Digby Grand. 
The Queen’s Maries. | General Bounce, 


Mendelssohn. —7%wz LETTERS OF 
“ FELIX MENDELSSOHN. Translated by 
Lady WALLACE. 2 vols. crown 8vo. IOs. 


Holmby House, 
Kate Coventry. 


. Merivale.— Worxks BY THE VERY 


's Kev. CHARLES MERIVALE, D.D. 


Dean of Ely. 


JÄISTORY OF THE ROMANS UNDER 
THE EMPIRE. 8 vols. post 8vo. 48s. 
THE FALL OF THE RoMAN REPUB- 

LIc: aShort History of the Last Century 
tury ofthe Commonwealth. 12mo. 7s. 6d. 
GENERAL HISTORY OF ROME FROM 
B.C. 753 TO A.D. 476. Crown 8vo. 75. 6a. 
THE RomAN TRIUMVIRATES. With 
Maps. Ecp. 8vo. 2s. 6d. 


Meyer. —MoDErv THEORIES OF 
CHEMISTRY. By Professor LOTHAR 
MEYER. Translated, from the Fifth 
Edition of the German, by P. PHILLIPS 
BEDSoN, D.Sc. (Lond.) B.Sc. (Vict.) 
F.C.S. ; and W. CARLETON WILLIAMS, 
IB-Ser (Vick:) B.C:S. 8v0. 188. 


Mill.—-Anazrvsss or THE PHENO- 
MENA OF THE Human MınD. By 
James Mırr. With Notes, Illustra- 
tive and Critical. 2 vols. 8vo. 28s. 


Mill.— Works sr Joun STUART 
Mızz. 


PRINCIPLES OF PoLITICAL ECONOMY. 
Library Edition, 2 vols. 8vo. 30s. 
People’s Edition, I vol. crown 8vo. 55. 

A Srvsrtem or Locıc, Ratiocinative 
and Inductive. Crown 8vo. 55. 

ON LIBERTY. Crown 8vo, 15. 44. 

ON REPRESENTATIVE GOVERNMENT. 
Crown 8vo, 25. 

- UTILITARIANISM. 8VO. 55. 
EXAMINATION OF SIR WILLIAM 
HAMILToN’s PHILosoPHy. 8vo. 165. 
NATURE, THE UTILITYOF RELIGION, 

AND THEISM. Three Essays. 8vo, 55. 


% 
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Miller. — Worxks sy W. ALLEN 

UI ER, 20.2. DI 

THE ELEMENTS OF (CHEMISTRY, 
Theoretical and Practical. Re-edited, 
with Additions, by H. MACLEOoD, F.C.S. 
3 vols. 8vo, 

Vol. I. CHEMICAL Pnvysıcs, 16s. 

Vol. II. INORGANIC CHEMISTRY, 248. 

Vol, III. ORGANIC CHEMISTRY, 31s. 6d. 

AN INTRODUCTION TO THE STUDY 
OF INORGANIC CHEMISTRY. With 78. 
Woodceuts. Fep. 8vo. 35. 6d. 

Mitchell. —A Marvar or PRAC- 

"  TICAL ASSAYING. By JOHN MITCHELL, 
F.C.S. Revised, with tbe Recent Dis- 
coveries incorporated. By W. CROOKES, 
F.R.S. 8vo. Woodcuts, 315. 64, 

Mitchell. —Dissozvrıon ano Evo- 
LUTION AND THE SCIENCE OF MEDICINE: 
an Attempt to Co-ordinate the necessary 
Facts of Pathology and to Establish the 
First Principles of Treatment. By C. 
PITFIELD MITCHELL. &8vo. 16s. 

Molesworth. — Marrrıng AND 
GIVING IN MARRIAGE: a Novel, By 
Mrs. MOLESWORTH. Fcp. 8vo. 25. 6d. 

Monsell.— Works BY THE .KREV, 
JS 3. Moxseıı, LL.D. 

SPIRITUAL SONGS FOR THE SUN- 
DAYS AND HOLYDAYS THROUGHOUT THE 
YEAR. Fcp. 8vo. 55. ISmo,. 25. 

THE BEATITUDES. 
Crown 8vo. 35. 6d. 

Hıs PRESENCE NQT Hıs MEMORY. 
Verses,. I6mo. Is. 

Mulhall.— Zrsrorr or PRICES SINCE 
THE YEAR: 1850. By MICHAEL G,. 
MULHALL, Crown 8vo. 6s. 

Murchison.— Works BY CHARLES 
MUOrcHISoNn, M.D. LL.D. &c. 


A TEREATISE ON THE ÜCONTINVED‘ 
FEVERS OF GREAT BRITAIN. Revised 
by W. Cayıey, M.D. Physician to the 
Middlesex Hospital. 8vo. with numerous 
Illustrations, 255. 

CLINICAL LECTURES ON DISEASES 
OF THE LIVER, FAUNDICE, AND ABDOM- 
INAL DROPSY. Revised by T. LAUDER 
BRUNTON, M.D. and Sir JOSEPHFAYRER, 
M.D. S8vo. with 43 Illustrations, 24s. 

Napier.—7Z#z LIFE OF SIR JOSEPH 
NAPIER, BART. EX-LORD CHANCELLOR 
OF IRELAND. By ALEX. CHARLES 
EWALD, F.S.A. 8vo. 15s. 

Napier.—Tuz Licrures, Essavs, 
AND LETTERS OF THE RIGHT HonN. SIR 
FOSEPH NAPIER, BART,, late Lord Chan- 
cellor of Ireland. With an Introduction 
by his Daughter. Forming a Supplement 
to “The Life.’ 'Svo. 
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Eight Sermons. 
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Nelson. —ZErTrErs AND DESPATCHES 
OF HORATIO, VISCOUNT NELSON. Selected 
and arranged by Joun Knox LAUGHTON, 
M.A. 8vo. I6s. 


Nesbit.— Works sy E. NEspıIr. 
Lays. AND LEGENDS. Cr. 8vo. 58. 
LEAVES OF LIFE: Verses. Cr. 8vo. 58. 

Newman.—Onv THE DISEASES OF 

THE KIDNEY AMENABLE TO SURGICAL 
TREATMENT. By Davıp NEWMANn, 


M.D. 8vo. 16s. 

Newman. — Works BY CARDINAL 
IEWMAN. 

Arorocıa pro Vır4 SvA. Crown 
vo. 6s. 


ZHE IDEA OF A UNIVERSITY DEFINED 
AND ILLUSTRATED. Crown dvo. 75. 
FHISTORICAL SKETCHES. 3 .vols. 

crown 8vo. 6s. each. 

THE ARIANS OF THE FOURTH (CEN- 
TURY. Crown 8vo. 6s. 

SELECT TREATISES OR ST. 
ASIUS IN CONTROVERSY WITH THE 
ARIANS. Freely Translated. 2 vols. 
erown 8vo. I5s. 

"DISCUSSIONS AND AÄRGUMENTS ON 
VARIOUS SUBFECTS. Crown vo. 6s. 
AN Essay ON THE DEVELOPMENT OF 

CHRISTIAN DOCTRINE. Crown 8vo. 6s, 

CERTAIN DIFFICULTIES FELT BY 
ANGLICANS IN CATHOLIC TEACHING 
CONSIDERED. Vol. I, crown 8vo. 7s. 6d.; 

. Vol, 2, crown 8vo. 55. 6d, 

THE VIA MEDIA OF THE AÄNGLICAN 
CHURCH, ILLUSTRATED IN LECTURES 
&c. 2 vols’ crown 8vo. 6s. each. 

ZESSAYS, CRITICAL AND HISTORICAL. 
2 vols. crown vo. 125, 

Essays oN BIBLICAL AND ON ECCLE- 
SIASTICAL MIRACLES. Crown 8vo, 6s. 

An Essay IN AID OF A GRAMMAR 
OF ASSENT. 75. 6d. 

Carzısta:an Historical Tale. Crown 
8vo. 6s5. 

THE DREAM OF GERONTIUS. 
6d. sewed, 15. cloth. 

VERSES 0N VAarIovs 
Crown 8vo. 6s. 


Noble. — Hours wırH A THREE-INCH 
TELESCOPE. By Captain W. NOBLE. 
With a Map of theMoon. Cr. 8vo, 4s. 6d. 


Northcott.— Zarzzs ano Turn- 
ING, Simple, Mechanical, and Ornamen- 
tal. By W. H. NorTHcoTtT. With 338 
Illustrations, &vo. 185. 


16mo. 


OCCASIONS. 








O’Hagan.— SZLECTED SPEECHES 
AND ARGUMENTS OF THE RIGHT 
HONOURABLE THOMASBARON O’HAGAan. 
With a Portrait. 8vo. Iös. 


Oliphant.—NVorvzıs zy Mrs. OLr- 






















PHANT. 

MAapam. Crown 8vo. ıs. boards; 
Ls. 6d. cloth. Rh 

Zw Truvst.—Crown 8vo. ıs. boards; 
15. 60. cloth. 


Oliver. — Asrronomy FOR AMA- 
TEURS: a Practical Manual of Telescopic 
Research adapted to Moderate Instru- 
ments. Edited by J. A. WESTwooD 
OLIVER, with the assistance of E. W, 
MAUNDER, H. GRUBB, J. E. GORE, 
W. F. DENNING, and others, With 
several Illustrations.. Crown 8vo. 7s. 6d. 


Owen. — THE COMPARATIVE ANA- 
TomMYr AND PHvsioLoGr OF THE 
VERTEBRATE ANIMALS. By Sir 
RICHARD OWEN, K.C.B. &c. With 1,472 
Woodcuts. 3 vols. 8vo. £3. 135. 6d, 


Paget. — Works By SıRr JAMES 
PAGET, BART. ERS. DCZ © 


CLINICAL LECTURES AND Essays. 
Edited by F. HOwArD MARSH, Assistant- 
Surgeon to St. Bartholomew’s Hospital, 
8vo. 155. 

LECTURES ON SURGICAL FPATHO- 
LoGy. Re-edited by the AUTHOR and 
W. TURNER, M.B. 8vo. with 13 
Woodcuts, 2Is. 


Pasteur.—Zovzs PAsSTEUR, his Life 
and Labours. By his Son- ın-LAw. 
Translated from the French by Lady 
Craup HAMILTON. Crown 8vo. 75. 6d. 


Payen.—/vDvSTRIAL CHEMISTRY 5 
a Manual for Manufacturers and for Col 
leges or Technical Schools; a Translation 
of PAvEn’s *“Precis de Chimie Indus- 
trielle.’ Edited by B. H. Paur. Wit 
698 Woodcuts. Medium 8vo. 425. > 


Payn.—Norvzıs sy James Parm. 
THELUCKOFTHE DARRELLS. Cro 
8vo. Is. boards; Is. 6d. cloth. \ 
THICKER THAN WATER. Crown $8vo, 
Is. boards ; 15. 6d@. cloth. 


Pears.—7#z FuLL or CoNSTANTI- 
NOPLE: being the Story of the Fourth 
Crusade. By Epwın Pears, LL.B. 
8vo. 165. 


Pennell.—Ovxr SENTIMENTAL Jo 
NEY THROUGH FRANCE AND ITa 
By JosepHu and ELIZABETH RoBIN 
PENNELL. With a Map and 1201 
trations by Joseph Pennell. Crown 
65. cloth or vegetable vellum. ; 
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Perring.— Harn KnoTs IN SHARE- 
SPEARE. By Sir PHILIP PERRING, Bart, 
8vo. 75. 6d, 


Piesse.—7#E ArT oF PERFUMERY, 
and the Methods of Obtaining the Odours 
of Plants. ByG. W.S. Pırsse. With 

2 96 Woodcuts. 8vo. 215. 


Pole. —7HE THEoRY oF THE Mo- 
DERN SCIENTIFIC GAME OF WHIST. 
By W. PoLe, F.R.S. Fcp. 8vo. 25. 6d. 


Prendergast.—/rz2AavD, from the 
Restoration to the Revolution, 1660- 
1690. By JoHun P. PRENDERGAST. 8vo. 55, 


Proctor.— Works By R.A. PROoCToR. 


THE Orss ArounD Us, a Series of 
Essays on the Moon and Planets, Meteors 
and Comets. With Chart and Diagrams, 
erown 8vo. 55. 

OTHER WOoRLDS THAN Ovrs; The 
Plurality of Worlds Studied under the 

\ Light of Recent Scientific Researches. 

With 14 Illustrations, crown 8vo. 5s. 

THE Moon, her Motions, Aspects, 
Scenery, and Physical Condition. With 
Plates, Charts, Woodcuts, &c. Cr. 8vo.6s. 

UNIVERSE OF STARS, Presenting 
Researches into and New Views respect- 

| ing the Constitution of the Heavens, 

ze With 22 Charts and 22 Diagrams, 8vo. 
105. 6a. 

 ZARGER STAR ATLAS for the Library, 
in 12 Circular Maps, with Introduction 
and 2 Index Pages. Folio, 155. or Maps 
only, 125. 6d. 

"New Star Arz4as for the Library, 
i the School, and the Observatory, in I2 
Circular Maps. Crown 8vo. 55. 

LIGHT SCIENCE FOR LEISURE HOURS; 

_ Familiar Essays on Scientific Subjects. 

h 3 vols. crown 8vo. 55. each. 

5 CHANCE AND Luck, a Discussion of 

3 the Laws of Luck, Coincidences, Wagers, 
I Lotteries, and the Fallacies of Gambling 
; &c. Crown 8vo. 55. 

{ STUDIES OF VENUS-TRANSITS, an 

P> Investigation of the Circumstances of the 
Transits of Venus in 1874 and 1882. 
With 7 Diagrams and ıo Plates. 8&vo. 55. 

GREAT CIRCLE SAlLING, Indicating 
the Shortest Sea-Routes, and describing 
Maps for Firding them. 4to. Is. sewed. 

CHARTS FOR GREAT CIRCLE SAILING. 
Nos. and 2, 2s.6d.each, plain; 35.6d.each, 
coloured. (E. STANFORD, Charing Cross.) 

OLp AanD NEw ÄASTRONoMY. 12 
Parts, 25. 6d. each. Supplementary Sec- 
tion, Is. /n course of publication, Com- 
pletein ı vol. 4to. 365. [Nearly ready. 








The <KNOWLEDGE’ LIBRARY. Edi- 
ted by RICHARD A. PROCTOR. 
How To Prar WHIST: WITH THE 
LAWS AND ETIQUETTE OF WHIST. 
By R. A. ProcToR. Crown 8vo. 55. 


Home Wurst: an Easy Guide to 
CorrectPlay. ByR.A.PROCTOR. 16mo. Is. 


THE PoETRY or Astronomy. A 


Series of Familiar Essays. 
PROCTOR. Crown 8vo. 6s. 

NATURE STUDIES. By GRANT ALLEN, 
A. Wııson, T. FosTER, E. CLopD, and 
R. A. PROCTOR. 

LEISURE READINGS. By E. CLopp, 
A.WILSoN, T. FOSTER, A. C. RANYARD, 
and R. A. PROCTOR. Crown 8vo. 65, 

THE STARS IN THEIR ‚SEASONS. 
An Easy Guide to a Knowledge of the 
Star Groups, in ı2 Large Maps. ByR. 
A. PROCTOR. Imperial vo, 55. 


STAR PRIMER. Showing the Starry 
Sky Week by Week, in 24 Hourly Maps. 
By'R. A. PROCTOoR. 


THE SEASONS PICTURED IN 48 Sun- 
VIEWS OF THE EARTH, and 24 Zodiacal 
Maps, &c. ByR. A.ProcTorR. Demy 
4to. 55. 

STRENGTH AND Haprıngess. By 
R. A. PROCTOR. Crown vo, 55. 


RovcH Wars MADE SwooTH. Fami- 


By: Ru a 


liar Essays on Scientific Subjects. By 


R, A. PROCTOR, 


Our PLacE AMmoNxG INFINITIES. A 
Series of Essays contrasting our Little 
Abode in Space and Time with the Infi- 
nities Around us. By R. A, PROCTOR, 
Crown 8vo. 55. 

THE EXPANSE OF HEAVEN. Essays 
on the Wonders of the Firmament. By 
R. A. PROCTOR. Crown 8vo. 55. 

THE GREAT PYRAMID, ÜBSERVA= 
TORY, TOMB, AND TEMPLE. ByR.A,. 
PROCTOR. With Illustrations, Crown 
8vo. 65. £ 

PLEASANT WAays IN SCIENCE. By 
R. A. PROCTOR. Crown 8vo. 6s. 


Crown 8vo. 55. 


MYTHS AND MARVELS OF ÄSTRO- 


Cr. 8vo. 6s, 


Prothero.— 7T#E PIONEERS AND 
PROGRESS OF ENGLISH FARMING. By 
ROWLAND E. PROTHERO, Crown 8vo, 


55, 


Pryce. — Tuz AncıExr BRITISH 
CHURCH: an Historical Essay. By JOHN 
PRycE, M.A. Canon of Bangor, Crown 
8vo. 65. 


Nomy. ByR. A. PROCTOR, 


Crown 8vo. 6s. er 


Crown 4to. 25. 6d. 
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= Quain’s Elements of Anatomy. | Richey.—A Szoxr HiSToRY OF THE 


< The Ninth Edition. Re-edited by ALLEN 

THomson, M.D.LL.D. F.R.S.S.L.&E. 

EDWARD ALBERT SCHÄFER, F.R.S. and 
GEORGE DANCER THANE. With up- 
wards of 1,000 Illustrations engraved on 
Wood, of which many are Coloured, 
2 vols. 8vo. I8s. each. 


— Quain.—A DicriovarY OF MEDI- 
4 CINE. By Various Writers. Editedby R. 


Ber OTAIN, MD. IR.S. &e, With 133 
Woodeuts. Medium 8vo. 315. 6d. cloth, 
Brut, or 405. half-russia; to be had also in 
% 2 vols. 345. cloth, 
ı Reader. — Works sr Emır E. 
- READER. 
THE GHOoST OF BRANKINSHAW and 


other Tales. With 9 Full-page Illustra- 
tions. Fcp. vo. 25. 6. cloth extra, gilt 
edges. 
 Voıces From FLoweEr-LanD, in 
ei, Original Couplets. A Birthday-Book and 
N Language of Flowers. 16mo. 15. 6d. limp . 
cloth ; 25. 6. roan, gilt edges, or in vege- 
% table vellum, gilt top. 
1 Faıry PrıncE FoLLow-MY-LEAD ; 
Er or, the Masıc BRACELET. lllustrated 
} SL by WM. READER. Crown 8vo. 2s. 6d,. 
2: gilt edges; or 35. 6@. vegetable vellum, 
gilt edges. 


RR 


.- Reeve. — Cookerr Aanp Hovsz- 
KBEPING. By Mrs. HENRY REEVvE. With 
ar 8 Coloured Plates and 37 Woodcuts, 
2 2 Crown 8vo. 55. 


- Rendle and Norman.—7zz Znvs 
OF OLD SOUTHWARK, and their Associ- 

"  , ations. By WILLIAM RENDLE, F.R.C.S. 
Author of ‘Old Southwark andits People,’ 
ww and PHiıLIP NORMAN, F.S.A. With 
numerous Illustrations. Royal 8vo, 28s. 


» Rich. —A Diıcrrovarv or RoMAN 


ur AND GREEK ANTIQUITIES. With 2,000 
AR Woodcuts. By A. Rıcu, B.A, Cr. 8vo. 
4 75. 6d. 

" Richardson. — IWorxssy BENYaMIN 
3 0%. WaRD RICHARDSON, M.D. 


THE HEALTH OF NATIONS : a Review 
ofthe Works—Economical, Educational, 
‚ Sanitary, and Administrative—of EDwIn 
CHADWICK, C.B. With a Biographical 
Dissertation by BENJAMIN WARD RICH- 
ARDSON, M.D. F.R.S. 2 vols. 8vo. 28s. 
THE COMMONHEALTH: a Series of 
Essays on Health and Felicity for Every- 
Day Readers. Crown 8vo. 65. 
ZHE Son or a Star: a Romance of 
the Second Century. 3 vols. crown 8vo, 
255. 6d, 


IRıSH PEOPLE, down to the Date*of the 
Plantation of Ulster. By the late A. G. 
RıcHEy, Q.C. LL.D. M.R.I.A. Edited, 
with Notes, by ROBERT ROMNEY KANE, 
LL.D. M.R.L.A. 8vo. 14s. 


Riley.—Arzos; or, the Mountain of 


























the Monks. By ATHELSTAN RiILEY, 
M.A. F.R.G.S. With Map and 29 
Illustrations. 8vo. 21s. 


Riley. — Orp-Fasmionep ZRoses. 
Verses and Sonnets. By J. W. RıLey. 
Fcp. 8vo. 55. 2 

Rivers. — Works By THomAs RIVERS. 

TUE OrcHarD-Hovse. With 25 
Woodcuts. Crown 8vo, 55. ' m 

THE MINIATURE FRUIT GARDEN;S 
or, the Culture of Pyramidal and Bush 
Fruit Trees, with Instructions for Root 
Pruning. With 32 Illustrations. Fep. 
8vo. 45. “U 


Roberts. — GREEK THE LANGUAGE 
OF CHRIST AND Hıs APOSTLES. By 
ALEXANDER ROBERTS, D.D. 8vo, 185 


Robinson. — Tuz New ARcADIA, 
and other Poems. By A. Mary F 
ROBINSON. Crown 8vo. 6s. 


Roget.— Tuzsavrvs or ENGLISH 
WORDS AND PHRASES, Classified and 
Arranged so as to facilitate the Expression 
of Ideas and assist in Literary Com- 
position. By PETER M. RoGET. Crown 
8vo. IOs. Od. 


Ronalds. — Tuz Fry-FISHER 


ENTOMoLoGy. By ALFRED RONALDS, 
With 20 Coloured Plates. 8vo. 145. 


Saintsbury.— MAnc#ester: aShort. 
History. ByGEORGE SAINTSBURY, W: 
2 Maps. Crown 8vo. 35. 6d. 3 


CAL. 
A, SCHÄFER, F.R.S. 1S- 
trations. 8vo. 65. or Interleaved with 
Drawing Paper, 8s. 6d. > 
Schellen. — Srzcrrkvm Anarrs 
IN ITS APPLICATION TO TERRESTRIAL 
SUBSTANCES, and the Physical Constitu- 
tion of the Heavenly Bodies, By Dr. 
H. SCHELLEn. Translated by JAnE and 
CAROLINE LasseLL, Edited by Capt. 
W. DE W. Apney. With 14 Plates 
(including Angström’s and Cornu’s Maps) 
and 291 Woodcuts. 8vo. 315. 6d, 4 
Scott. — WEATHER CHARTS AND 
STORM WARNINGS. By ROBERT H. 
SCOTT, M.A. F.R.S. With numerous 
Illustrations. Crown 8vo, 6s, we. 
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Seebohm.— Works zr Freperic | Shilling Standard Novels—onid. 

e SEEBOHM. By ELIZABETH M. SEWELL. 

= THE OXFORD REFORMERS — JOHN Amy Herbert. AGlimpseoftheWorld, 
COLET, ERASMUS, AND THOMAS MORE; Gertrude. Ivors, 


a History of their Fellow-Work. 8vo, 14s. 


3 
\ 
h "THE ENGLISH VILLAGE COMMUNITY 
j Examined in its Relations to the Manorial 
| and Tribal Systems, &c, 13 Maps and 
\ Plates. 8vo. 16s. 
 . THEERAOF THE PROTESTANT REVO- 
ZuUTIon. With Map. Fcp. 8vo. 25. 6d, 


{ Bennett. — THE MARINE STEAM 

ENGINE ; a Treatise for the use of Engi- 
neering "Students and Oflicers of the 
Royal Navy. By RICHARD SENNETT, 
‚Engineer-in-Chief of the Royal Navy. 
With 244 Illustrations. 8vo, 21s. 


j Sewell. — Storrızs AnD TALes. 

- _ By ELIZABETH M. SEWELL. Crown 8vo. 
Is. each, boards; 15. 6d. each, cloth plain ; 
25. 6d. each, cloth extra, gilt edges :— 

Amy Herbert. Margaret Percival. 

The Earl’s Daughter. Laneton Parsonage. 

The Experience of Life. | Ursula. 

‚A Glimpse of the World, | Gertrude. 

Cleve Hall. Ivors. 

Katharine Ashton. 


Shakespeare. — Bowpzzr’s Fa- 
MILY SHAKESPEARE. Genuine Edition, 
in I vol. medium 8vo. large type, with 

e 36 Woodcuts, 145. or in 6 vols. fcp. 8vo. 
215. 


- OUTLINES OF THE LIFE OF SHAKE- 


| 


Shilling Standard Novels. 


By THE EARL OF BEACONSFIELD. 
. Vivian Grey. | The Young Duke, &c. 





y- 


SPEARE. By J. ©. HALLIWELL-PHIL- 
Lıprs, F.R.S. 2 vols. Royal 3vo. 
105. 6d. 


.  Venetia. Contarini Fleming, &c. 
Tancred, "| Henrietta Temple. 
Sybil. Lothair. 
Coningsby. Endymion, 


" Alroy, Ixion, &c. 
Price ıs. each, boards; Is. 6d, each, cloth. 


Br G. J. WirytE-MELVILLE. 
The Gladiators. | Holmby House, 
The Interpreter. | Kate Coventry. 
Good for Nothing. | Digby Grand. 
Queen’s Maries. | General Bounce. 
Price 15. each, boards; 15. 6d. each, cloth. 





# 







Br ROBERT LoVIS STEVENSON. 

The Dynamiter. 

Strange Case of Dr. Tekylland Mr. Hyde, 

Price Is. each, sewed ; Is. 6d@. each, cloth. 
[Conrtinued "above. 
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Katharine Ashton. 
Margaret Percival. 
of Life. Laneton Parsonage, 
Cleve Hall. Ursula. 
Price ıs. each, boards ; ıs. 6d. each, cloth, 
plain; 2s. 6@. each, cloth extra, gilt edges. 


Dy ANTHoNY TROLLOPE. 
The Warden. | Barchester Towers. 
Price Is. each, boards; Is. 6d., each cloths 


Dry Brert HARTE. 
In the Carquinez Woods. 
15. 6d. cloth. 
OntheFrontier (Three Stories). 1s.sewed« 
By Shore and Sedge (Three Stories). Is 
sewed. 
BY MRS. OLIPHANT. 
In Trust. | Madam. 
Br James Pavn. 
Thicker than Water. 
The Luck of the Darrells. 
Price Is. each, boards; Is. 6d. each, cloth, 


Short. —SXZTCH oF THE HISTORY 
OF THE CHURCH OF ENGLAND TO THE 


Earl’s Daughter. 
The Experience 


Is. boards ; 


REVOLUTION OF 1688. ByT. V. a 


D.D. Crown 8vo, 75. 64, 


Smith, H. F.—7#E HAnD500& FOR 
" Mıpwives. By Henky FLy SMITH, 
M.B. Oxon. M.R.C.S. late Assistant- 
Surgeon at the Hospital for Sick Women, 
Soho Square. With 4ır Woodcuts. 
Crown 8vo,. 55. 


Smith, 
. THAGE AND THE CARTHAGINIANS. By 
R. BOSWORTH SMITH, M.A. 
Plans, &c. Crown 8vo. Ios. 6d. 


Smith, R. H.—Grarzıcs; or, The 
Art of Calculation by Drawing Lines, 
applied to Mathematics, Theoretical Me 
chanics, and Engineering, including the 
Kinetics and Dynamics of Machinery, 
&c. By RoßErT H. SMITH, Professor‘ 


of Civil and Mechanical Engineering, . 


Mason Science College, Birmingham. 
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PART I. Text, with separate Atlas of , 


Plates. [Ur the press. 
Smith, Rev. Sydney.— Zzz Wir 


AND WISDOM OF THE REV. SYDNEY. 


SMITH. Crown 8vo, Is. boards; Is. 6d, 
cloth. 


Smith, T.—A MarvaL oF OPERA- 
TIVE SURGERY ON THE DEAD Böpy., 
By TmomAs SMITH, Surgeon to St. 
Bartholomew’s Hospital. A New Edi« 
tion, re-edited by W. J. WALSHAM. 
With 46 Illustrations. 8vo. 125, 
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Southey.—7wE PorrıcaL WORKS 

OF ROBERT SOUTHEY, with the Author’s 

| last Corrections and Additions,. Medium 
e7 8vo. with Portrait, 145. 


Stanley. — A Famızrar Hrstorr 
or Bıros. By E. STANLEy, D.D. 
Revised and enlarged, with 160 Wood- 


cuts. Crown 8vo, 65. 
Steel. — Works By J. H. STEEL, 
E MERC. Fa 


A TREATISE ON THE DISEASES OF 

THE DoG,; being a Manual of Canine 

“, Pathology. Especially adapted for the 

; Use of Veterinary Practitioners and 

' Students. With 88 Illustrations. $vo. 
10s. 6d. 


A TREATISE ON THE DISEASES 
OF THE OX; being a Manual of Bovine 
vr Pathology specially adapted for the use 
of Veterinary Practitioners and Students. 
With 2 Plates and 117 Woodcuts. 8vo. 
155. 


‚Stephen. — Zssays ıv ECCLESIAS- 
‚ TICAL BIOGRAPHY. PBy the Right Hon. 
Sir J. StepHen, LL.D. Crown 8vo. 

75. 6d, 


Stevenson. — Works BY ROBERT 
 ZLouIs STEVENSON. 
r A CHILDS GARDEN OF VERSES. 
Small fcp. 8vo. 55. 
THE DYNAMITER. Ycp. 8vo. 15. swd. 
j 15. 6d. cloth. 
STRANGE CASE OF DR. JEKYLL AND 


2 MR. HYDE. Fcp. 8vo. Is. sewed; 15. 6d, 
Ri cloth. 


‘Stonehenge.’ — Tuz Doc 1m 
HEALTH AND DISEASE. By ‘STONE- 
HENGE.’ With 84 Wood Engravings, 
Square crown 8vo. 75. 6d, 


„ Stoney. — Tue THEORY OF THE 
STRESSES ON GIRDERS AND SIMILAR 
STRUCTURES. With Practical Observa- 
tions on the Strength and other Properties 
of Materials. By Bınpon B. STONEY, 
LI.D, F.R,S, M.ILC.E. With 5 Plates, 
and 143 Illustrations inthe Text. Royal 
8vo. 365. 


Sully.— Works sy James SvLLr. 
OvrLInes or PsycHoLocy, with 
Special Reference to the Theory of Edu- 
cation. 8vo. 125. 6d. 
‚THE TEACHER’S HANDBOOK OF 


PSYCHOLOGY, on the Basis of “ Outlines 
of Psychology.’ Crown 8vo, 6s. 6d, 


Todd. — Ov PARLIAMENTARY Go- 































Sumner.— 7WwE BEsom MAKER, AND 
OTHER COUNTRY FOLK SoNGs. Collected 
and Illustrated by HEYWOOD SUMNER, 
With Music. 4to. 2s. 6d. boards. ‘ 


Supernatural Religion ; an In- 
quiry into the Reality of Divine Reve- 
lation. Complete Edition, thoroughly 
revised. 3 vols. 8vo. 36s. 


Swinburne. — Picture Locıc,; an 
Attempt to Popularise the Science of 
Reasoning. By A. J. SwINBURNE, B.A, 
Post 8vo. 55. 


Taylor. — Srupexnz's ManvaL or 
THE HISTORY OF INDIA, from the Earliest: 
Period to the Present Time. By Colonel 
MEADOWS TAYLoOR. Crown Svo. 75. 6d, 


Taylor.--T#E CoRRESPONDENCE OF 
SIR HENRY TAYLOR. Edited by EDWARD- 
DOWDEn. 8vo, 1685. R 


Taylor.—A» AckıcvLrvrAaL NOoTE- 
BooK: to Assist Candidates in Pre- 
paring for the Science and Art and other 
Examinations in Agriculture. By W.C, 
TAYLOR. Crown 8vo, 25. 6d. . 


Thompson. — Worxs sv D. GREEN- 
LEAF THOMPSON. 


THE PROBLEM OF Evır: an Intro- 
duction to the Practical Sciences, 8vo, 
105. 6d, \ 


A SYSTEM OF PSYCHOLOGY. 
8vo. 365. 


THE RELIGIOUS SENTIMENTS OF THE 
ZJJUMAN MIND. 8vo. 7s. 6d. 7 


> 


2 vols 


Thomson’s Conspectus.—Adapted 
to the British Pharmacopceia of 1885 
Edited by NESTOR TIRARD, M.D. Lond, 
F,R.CP 18m0, 65, N 


Thomson. —Ax OvriınE OF THE 
NECESSARY LAWS OF THOUGHT; a 
Treatise on Pure and Applied Logic. By 
W,. Tmomson, D.D. Archbishop of 
York. Crown Svo, 6s. 


Three in Norway. By Two of 
THEM. With a Map and 59 Illustra- 
tions from Sketches by the Authors, Cr, 
8vo. 25. boards; 25. 6d. cloth. 


VERNMENT IN ENGLAND: its Origin, 
Development, and Practical Operation 
By Aıruevs Topp, LL.D. C.M.G. 
Second Edition. In Two Volumes- 
Vor. I, 8vo, 245. 
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_ Trevelyan.— WORKS BY THE RIGHT 
Hon. SIR G. O.TREVELYAN, BART. 


THE LIFE AND LETTERS OF LorRD 
MACAULAY. 
LIBRARY EDITION, 2 vols. 8vo. 36s. 


CABINET Evırion, 2 vols. crown 8vo, 
12s. 


PoPuLAr EDITION, ı vol. crown $vo. 
65. 
THE Earıy HisTorY OF CHARLES 
JAMES Fox. Library Edition, 8vo. 185. 
%% Cabinet Edition, crown 8vo, 6s. 


’ 


‚Trollope.—lNVorzıs zv Anrnonv 


f 

} TROLLOPE. 

 ZHE Warden. Crown 8vo. ıs. 
Br. boards; 15. :6@. cloth. 


"1 BARCHESTER TOWERS. 
Is. boards; Is. 6«. cloth. 


Crown 8vo. 


* Tuttle.—Z7szorvor Prussta UNDER 
z. FREDERIC THE GREAT, 1740-1756. By 
AR HERBERT TUTTLE. With 2 Maps. 2 
E vols. crown 8vo. 18s. 

’ 


Tyndall.— Works sy Jon TyvDaLı. 


FRAGMENTS OF ‚SCIENCE. 
crown 8vo. I6s. 


HEATAMODEoFMOoTIoN. Cr.8vo.12s. 


SOUND. With 204 Woodcuts. 
Crown 8vo. 105. 6a. 


RESEARCHES ON DIA MAGNETISM 

AND MAGNE-CRYSTALLIC ACTION. 

. With8 Plates and numerous Illustrations. 
Crown 8vo. 125. 


ESSAYS ON THE FLOATING-MATTER 
OF THE AIR in relation to Putrefaction 
and Infection. With 24 Woodcuts, 
«Crown 8vo. 75. 6d. 


LECTURES oN LiGHT, delivered in 
America in 1872 and 1873. With 57 
Diagrams. Crown 8vo. 55. 


LESSoNs In ELECTRICITY AT THE 


RoyAaL INSTITUTION, 1875-76. With 
58 Woodcuts. Crown 8vo. 25. 6d. 


INOTES OF A COURSE OF ‚SEVEN 
LECTURES ON ELECTRICAL PHENO- 
MENA AND THEORIES, delivered at the 
Royal Institution. Crown 8vo. Is. sewed, 
15. 6d. cloth. 


NOoTES OF A COURSE OF NINE LEc- 
TURES ON LIGHT, delivered at the Royal 
Institution. Crown 8vo. Is. sewed, 15. 6d, 
cloth. 

FARADAY AS A DISCOVERER. Fcp. 
Svo. 35. 6d. 


2 vols. 
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Unwin.—7uz TeEstıng OF MATE- 
RIALS OF CONSTRUCTION: a Text-Book 
for the Engineering Laboratory. By W. 
CAWTHORNE UNWIN, F.R.S. Withs5 
Plates and 141 Woodcuts. SYo,2IE 0% 


Ville.—Onv ArrırıcıaL MANURES, 
their Chemical Selection and Scientific ‘ 
Application to Agriculture. By GEORGES 
VILLE. Translated and edited by W. 
CROOKkESs. With 31 Plates. 8vo. 2Is. 


Virgil.—Pvuzır Versi. MAaRroNISs 
BUCOLICA, GEORGICA, ENEIS; the > 
Works of VırcıL, Latin Text, with «7 
English Commentary and Index. By 6 
B. H. Kenneoy, D.D. Cr. 8v0.10,.64& 


THE ZENEID OF VırGcıL. Translated 
into English Verse. By JOHN CONING- 
TON, M.A. Crown 8vo. 6s. 


THE PoEMmS OF Vırgır. Translated 
into English Prose. By JOHN CONING- 
TON, M.A. Crown vo. 6s. 


Vitzthum.— ST. PETERSBURG AND 
LONDON IN THE YEARS 1852-1864: 
Reminiscences of Count CHARLES FRED- 
ERICK VITZTHUM VON ECKSTOEDT, late 
Saxon Minister at the Court of St. James’. 
Edited by HENRY REEVE, C.B. 2vols. 
8vo. 305. 


Walker. — THE CoRrREcT CARD; 
or, How to Play at Whist; a Whist 
Catechism. By Major A. CAMPBELL- 
WALKER, F.R.G.S. Fcp. 8vo. 2s. 6d. > 


Walpole.—Zrsrory or EnGLanD 
FROM THE CONCLUSION OF THE GREAT 
WAR IN 1815. By SPENCER WALPOLE, 
5 vols. 8vo, Vols. I. and II. 1815-1832, 
36s. ; Vol. III. 1832-1841, 18s.; Vols. IV. 
and V. 1841-1858, 36s. 


Waters. — Parıst REGISTERS IN 
ENGLAND: their History and Contents. 
With Suggestions for Securing their better 
Custody and Preservation. By ROBERT 
E. CHESTER WATERS, B.A. 8vo, 55. 


Watts’ DicTionAaRY OF CHEMISTRY. 
Revised and entirely Re-written by H. 
FORSTER MORLEY, M.A. D.Sc.; and 
M. M. PaTTıson MUvir, M.A. F.R.S.E. 
Assisted by Eminent Contributors. To 
be published in 4 vols, 8vo. Vol. I. (Adzes 
— Chemical Change). 425. 
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. Webb. —CELESTIAL OBYECTS FOR 
. „Common TELESCOPES. By the Rev. 
Ei T. W. WesB. Map, Plate, Woodcuts. 
2 Crown 8vo,. 95. 


Wellington. —Zırr OF THE DUkE 
' OF WELLINGTON. By the Rev. G. R, 
. . GLeig, M.A. Crown $vo. Portrait, 


Bi os, 


& Wendt. — PAPERS 0N MARITIME 
LEGISLATION, with a Translation of the 


A German Mercantile Laws relating to 
EN i Maritime Commerce. By ERNEST EMIL 
Ber WENDT, D.C.L. Royal vo. £1. I1s. 6a. 
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West. — Works BY CHARLES WEST, 
Sr M.D. &c.' Founder of, and formerly 
Rn, Physician to, the Hospital for Sick 
an Children. 


N LECTURES ON THE DISEASES OF IN- 
a FANCY AND CHILDHOOD. 8vo. I8s. 


N 
E  TuE MoTHEr’s MANUAL OF CHIL- 
0. .,DREN’S DISEASES. Crown $8vo. 25. 6d. 


 Whately. — Zwcerıs# Syvonrms. 
Ei ByE. Jane WnHaATteELy. Edited by her 
-- » Father, R. WuareLy, D.D. Fcp. 8vo, 
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-  Whately.— Works sy R. WHATELY, 
BD. 
"zu 

 Eızments or Locıc. Crown 8vo. 
A 45. Od. 
73 
Bi EıLzmsnts or Ruerorıc, Crown 
8vo. 45. 6d. 
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LESSOoNs 0N REASONING. Fcp. 8vo, 


N 15. 6d. 
Bacow’s Essays, with 'Annotations,. 
RN 8vo. 105, 6d. 


Wilcocks.—7#E SEA FISHERMAN. 
Comprising the Chief Methods of Hook 
and Line Fishing in the British and other 
Seas, and Remarks on Nets, Boats, and 


Be, 


Boating. By J. C. Wırcocks. Pro- 
fusely Illustrated. Crown 8vo,. 65. 
.Wilkinson.—7Tiuz FrıewpLy ‚So- 


CIETY MOVEMENT : Its Origin, Rise, and 
Growth; itsSocial, Moral, and Educational 
Influences. —7 HE AFFILIATED OÖRDERS. 

1 — By the Rev. JomNn FROME WILKINSON, 
M.A. Crown 8vo. 25. 6d. 
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Williams. — PvLmonarv CoNSUMP- 
TION ; its Etiology, Pathology, and 
Treatment. With an Analysis of 1,000 
Cases to Exemplify its Duration and 
Modes of Arrest. ByC. J. B. WILLIAMS, 
M.D. LL.D. ERS. FERCHE 02 
CHARLES THEODORE WILLIAMS, M.A, 
M.D.Oxon. F.R.C.P. With 4 Coloured 
Plates and 10 Woodcuts, 8vo. I6s. 


Williams. — MaxvvaLr or TELE- 
GRAPHY. By W. WILLIAMS, Superin- 
tendent of Indian Government Telegraphs. 
Illustrated by 93 Wood Engravings. 8vo. 
105. 64. ‘ 


Willich. — Porvıar Tasres for 
giving Information for ascertaining the 
value of Lifehold, Leasehold, and Church 
Property, the Public Funds, &, By 
CHARLES M. Wırrıcn. Edited by 
H. BENCE JonEs. Crown $8vo. Ios. 6d. 


Wilson.—A Maıyvar or HEALTH- 
SCIENCE. Adapted for Use in Schools 
and Colleges, and suited to the Require- 
ments of Students preparing for the Ex- 
aminations in Hygiene of the Science 
and Art Department, &c. By ANDRE R 
Wiııson, F.R.S.E. F.L.S. &c. With 
74 Illustrations. Crown 8vo. 25. 6d, 


Witt.— Works sv Pror. Wırr. 
Translated from the German by FRANcES- 
YOUNGHUSBAND. i k 


THE TRo$an War. :Witha Preface 
bythe Rev. W. G. RUTHERFORD, M.A ‚eo 
Head-Master of Westminster Schools 
Crown 8vo. 25. 


Myrus or HzLras; or, Greek Tales, 
Crown 8vo, 35. 6d. 


THE WANDERINGS OF ULvsses. 

Crown 8vo, 35. 6«. 

? 

Wood. — Works »y Rev. J. G: 
Woo».: 


Homes Wırzovr Hans ; a De 2 
scription of the Habitations of Anima In, 
classed according to the Principle of Con- 
struction. With 140 Illustrations. &vo, 
105. 6d, - 


Insecrs AT Home, a Popular 
Account of British Insects, their Struc- 


ture, Habits, and Transformations, th. 
700 Illustrations. S$Svo. 105. 6d. x A 


INSECTS ABROAD, a Popular Accou: nt 


of Foreign Insects, their Structure, 
Habits, and Transformations. ith 
600 Illustrations. $vo. Ios. 6d, 
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BIBLE AntmaLs; a Description of 
every Living Creature mentioned in the 
Scriptures. With ıı2 Illustrations, 8vo, 
105. 6d, 


STRANGE DWELLINGS ; a Description 


of the Habitations of Änimals, abridged 
from “Homes without Hands.’ With 
60 Illustrations. Crown8vo, 55. Popular 
Edition, 4to. 6d. 


Horss anp Max: 
Dependence and Duties. 
trations, Svo. Ias. 


JLLUSTRATED STABLE Maxıms. To 
be hung in Stables for the use of Grocms, 
Stablemen, and others who are in charge 
of Horses. On Sheet, 4s. 


their Mutual 
With 49 Illus- 


Ovr or Doors; a Selection of 
Original Articles on Practical Natural 


History. With ıı Illustrations, Crown 
D 8vo,. 55. 
PETLAND AKRevisıteDr. With 33 


Illustrations. Crown 8vo. 7s. 6d. 


. The following books are extracted from the 


foregoing works by the Rev.J. G. Woop: 
SOCIAL HABITATIONS AND PARASITIC 


NEsTs. With 18 Illustrations. Crown 
8vo. 25. cloth extra, gilt edges. 
THE BRANCH BUILDERS. With 28 


Illustrations. Crown 8vo. 25. 6d. cloth 
extra, gilt edges. 


Wırp ANIMALS OF THE BIBLE. 
With 29 Illustrations. Crown 8vo. 3s. 6d, 
cloth extra, gilt edges. 


DOMESTIC ANIMALS OF THE BIBLE. 
With 23 Illustrations. Crown 8vo. 35. 6d. 
cloth extra, gilt edges. 


BirD-LIFE OF THE BIBLE. With 32 
Illustrations.. Crown $vo. 35. 6. cloth 
extra, gilt edges. 


WOoNDERFUL NEsTs. With 30 Illus- 
‚  trations. Crown 8vo. 35. 6d. cloth extra, 
gilt edges. 


ZJHoMES UNDER THE GROUND. With ' 


28 Illustrations. Crown Svo. 35. 6d. cloth 
‚extra, gilt edges. 


LAKE 
DWELLINGS OF IRELAND: or Ancient 
Lacustrine Habitations of Erin, common- 
ly called Crannogs. By W. G. Woon- 
MARTIN, M.R.1l.A. Lieut.-Colonel 8th 
Brigade North lisı Division, R.A, 
With 50 Plates, Royal &vo, 255, 


- Wood. — Worxks sr Rev. J. G. | Wright. —Zır Disease ıv CHıLD- 


HOOD, with Special Reference to its Treat- 
ment by Excision. By G. A. WRIGHT, 
B.A. M.B.Oxon. F.R.C.S.Eng. With 
48 Original Woodcuts. &vo. Ios. 6d. 


Wylie. — Hısrorv or ENGLAND 
UNDER HENRY THE FOURTH. By JAMES 
HAMILTON WYLIE, M.A. one of Her 
Majesty’s Inspectors of Schools. (2 vols.) 
Vol. I, crown 8vo. 10s. 6d. 


Wylie. — Z4zourR, LEISURE, AND 


LUXURY; a Contribution to Present 
Practical Political Economy. By 
ALEXANDER WYLIE, of Glasgow. Crowa 
8vo. Is. 

Youatt. — Works sv WırLram 
YoUATT. 


THE Horse. 
by W. Warson, M.R.C.V.S. 
Woodcuts, 75. 6d, 

THE Doc. 
8vo. Woodeuts. 65. 


Younghusband. — Works 
FRANCES YOUNGHUSBAND. 


8vo. 
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THE STORY oFr- Our LORD, TORDEE 


IN SIMPLE LANGUAGE FOR CHILDREN, 


With 25 Illustrations on Wood from 


Pictures by the Old Masters, and 
numerous Ornamental Borders, Initial 
Letters, &c. from Longmans’ Illustrated 


New Testament. Crown 8vo. 2s. 6d. cloth 


plain; 35. 6@. cloth extra, gilt edges. 
THE STORY OF GENESIS. Crown 8vo. 


Zeller. — DR. 
ZELLER. 

PISTORYOF ECLECTICISM IN GREEK 
PHILOSOPHy. Translated by SARAH 
F. ALLEYNE. Crown 8vo. Os. 6d. 


THE SToıcs, EPICUREANS, AND 
SCEPTICS. Translated by the Rer. ‚O, 
J. REICHEL, M.A. Crown 8vo. I5s. 


SOCRATES AND. THE .SOCRATIC 
SCHOOLS. Translated by the Rev. O. J. 
REICHEL, M.A. Crown 8vo. Ios. 6d. 


PLATO AND THE ÖLDER ÄCADEMY. 
Translated by SARAH F. ALLEYNE and 
ALFRED GOODWIN, B.A. Crown 8vo, 
185. 


THE PRE-SOCRATIC SCHOOLS: a His- 
tory of Greek Philosophy from the Earliest 
Period to the time of Socrates. Trans- 

* lated by SARAH F. ALLEYNE. 2vols. 
crown 8vo. 305. 

OUTLINES OF THE HISTORY OF 
GREEK PHILOSOPHy. Translated by 
SARAH F. ALLEYNE and EVELYN 
ÄBBOTT. Crown 8vo. 10s, 6d. 
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EPOCHS OF ANCIENT HISTORY. 


Edited by the Rev. Sir G. W. Cox, Bart. M.A. and by C, SANKEY, M.A, 
fcp. 8vo. with Maps, price 25. 6a, each. 


THE GRACCHI, MARIUS, AND SULLA. By 
A. H. Beesty, M.A. With 2 Maps. 
THE EARLY ROMAN EMPIRE. From the 


Assassination of Julius Csar to the Assassination 
of Domitian. Bythe Rev. W. WoLrE Capes, M.A. 

. With 2 Maps. 

THE ROMAN EMPIRE OF THE SECOND CEN- 
Zury, or the Age of the Antonines. By the Rev. 
W. Worre Carss, M.A. With 2 Maps. 

THE ATHENIAN EMPIRE FROM THE FLIGHT 
of Xerxes to the Fallof Athens. By the Rev. 
Sir G. W. Cox, Bart. M.A. With 5 Maps. 

THE RISE OF THE MACEDONIAN EMPIRE. 
By ARTHUR M. Curteıs, M.A. With 8 Maps. 
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- Edited by C. CoLBEcK, M.A. 
THE BEGINNING OF THE MIDDLE AÄGES. 
ee By the Very Rev. RıcHARD WILLIAM CHURCH, 
’ MA. &c. Dean of St. Paul's. With 3 Maps. 
THE NORMANS IN EUROPE. By Rev. A. 

@ H. Jonnson, M.A. With 3 Maps. 
EETHE.:CRUSADES. By: the Rev, Sir G. W. 
2 Cox, Bart. M.A. Witha Map. 


TUE EARLY PLANTAGENETS. By the 
H Right Rev. W. Stusgs, D.D. Bishop of Oxford. 


1 A With 2 Maps. 
 EDWARD THE THIRD. PBy.the Rev. W. 
LER WARBURTOoN, M.A. With 3 Maps. 


ı THE. HousEs OF LANCASTER AND YORK; 
with the Conquest and Loss of France. By 

ae JAMES GAIRDNER. With 5 Maps. 

rt 

me TUR EARıy Tupors. By the Rev C, E 

7 MoßserLy, M.A. 

> THE ERA OF THE PROTESTANT REVOLU- 

Zion. By F. SEEBoHm. With 4 Maps. 


a 
£ THE AGE OF ELIZABETH. PBythe Rev. M. 
CREIGHTON, M.A. LL.D. With 5 Maps. 


A " EPOCHS OF CHURCH HISTORY. 


Edited by the Rev. MANDELL CREIGHTON. 


N THE ENGLISH CHURCH IN OTHER LANDS. 
4 By the Rev. H. W. Tucker. 
ı 7HE HISTORY OF THE REFORMATION IN 
‚England. By the Rev. GrorGe G, PERRY. 
THE CHURCH OF THE EARLY FATHERS. 
K By ALFrrep PLUMMER, D.D. 
THE EVANGELICAL REVIVAL IN THE 
Eighteenth Century. By the Rev. J. H. Over- 
£ ‚ TON. \ 
A HISTORYOF THE UNIVERSITY OF OXFORD, 
By the Hon. G. C. Bropkıck, D.C.L. 
A HISTORY OF THE UNIVERSITY OF CAM- 
bridge. By J. Bass MuLLinGErR, M.A. 


THE ENGLISH CHURCH IN THE MIDDLE 
Ages. By Rev, W. Hunt, M.A. 


#*,#* Other Volumes are in preparation. 





Spottiswoode & Co. Printers, New-street Square, London, 


EPOCHS OF MODERN HISTORY. 


19 volumes, fcp. Svo. with Maps, price 2s. 6d. each. 








10 volumes, 


























THE GREEKS AND THE PERSIANS. By the 
Rev. Sir G. W. Cox, Bart. M.A. With 4 Maps, 


ROME TO ITS CAPTURE BY THE GAULS. 
By WILHELM Inne. With a Map. 


THE ROMAN TRIUMVIRATES. By the Very 
Rev. CHARLES MERIVALE, D.D. Dean of Ely. 
With a Map. 


THE SPARTAN AND THEBAN SUPREMACIES, 
By CHARLES SANKEY, M.A. With 5 Maps. 


ROME AND CARTHAGE, THE Punıc WARS. 


By R. BosworTH SMITH, M.A. With 9 Maps 
and Plans. 


THE FIRST TWo STUARTS AND THE PURI- 
tan Revolution, 1603-1660. By SAMUEL RAwson 
GARDINER. With 4 Maps. 

THE THIRTY YEARS’ WAR, 1618-1648. By 
SAMUEL RAWSON GARDINER. WithaMap 

THE ENGLISH RESTORATION AND LovIs 
AIV. 1648-1678. By OsmunD Aırv. 2 

THE FALL OF THE STUARTS ; AND WESTERN 2 
Europe from 1678 to 1697. By the Rev. Epward 
HALE, M.A. With ır Maps and Plans. h 

THE AGE OF ANNE. By E. E. MORRIS, 
M.A. With 7 Maps and Plans. 

THE EARLY HANOVERIANS. By E EV 
Morrıs, M.A. Withg Maps and Plans, j 

FREDERICK THE GREAT AND THE SEVEN 
Years War. By F.W.LonGman. With 2Maps. 

THE WAR OF AMERICAN INDEPENDENCE, 
1775-1783. By J. M. Luprow. With 4 Maps. 

THE FRENCH REVOULTION, 1789-1795. PH 
Mrs. S. R. GARDINER. With 7 Maps. 

THE EPOCH OF REFORM, 1830-1850, 
Justin McCartay, M.P. 


Fcp. 8vo. price 25. 6d. each. i 


THE ARIAN CONTROVERSy. By H. a. 
Gwarkin, M.A. 

THE COUNTER-REFORMATION. By A. W. 
Warn. 


THE CHURCH AND THE ROMAN EMPIRE. 
By the Rev. A. CARR. 


THE CHURCH AND THE PURITANS, 1570-. 
1660. By Henry OFFLEY WAKEMAN. 


THE CHURCH AND THE EASTERN FE NEIBRE 
By the Rev. H, F. Tozer. 

ZIILDEBRAND AND His TIMES, 
Rev. W., R. W. STEPHENS, 


THE HOHENSTAUFEN _ZPOPES. 
BArzanı. 
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